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In a globalized, interconnected, complex world 
where there is such intense information ex- 
change, knowledge management and organiza- 
tional memory have been playing more import- 
ant roles in decision-making processes and in 
fostering sustainable development. 


This is one of the objectives of this first-ever edi- 
tion of this E-Mobility Annual Report: to manage 
knowledge so as to promote market develop- 
ment, to foster learning in the sector, to provide 
information for public policies on e-mobility to 
be formulated, to map new opportunities for re- 
search and development and to work more at 
synchrony with civil society organizations acting 
for or tangentially with e-mobility. 


This Annual Report was produced with hard 
work and dedication over months of work by 


experienced specialists who know the sector 


deeply, under the guidance of the National Plat- 
form for Electric Mobility (PNME). We would 
like to take this opportunity to hereby thank the 
authors and their research teams who provided 
us with very high quality materials. 


This Annual Report was built so as to present 
a general outlook of e-mobility in Brazil. In its 
first chapter, we address e-mobility drivers and 
levers. In Chapter 1 you may find information 
about vehicle electrification technologies and 
their correlation with energy security, the en- 
vironmental agenda, public health, the ecosys- 
tem of e-mobility innovation, public transpor- 
tation and a global view of the market. 


In Chapter 2, we set e-mobility and its interre- 
lations in the national context followed by re- 
flections upon the current ecosystem of e-mo- 
bility in Brazil and what is yet to be developed. 
In Chapter 3, we present actors, public policies 
and instruments of promotion and the business 
environment, with special attention given to 
battery suppliers and the role of accumulators 
in Brazil’s commodity chain. 


It is in Chapter 4 that we study the impacts 
of COVID-19 on e-mobility in Brazil by pre- 
senting an analysis of barriers and opportu- 
nities identified in this scenario. In Chapter 5, 
we present a vision of the future for e-mobility 
in Brazil, we address perspectives on market 
growth and infrastructure for Horizon 2030. At 
last, we conclude the main study with Chapter 
6 and its governance structure and collabora- 
tion of actors. 


Additionally, you may find extra data presented 
in the three Appendices that are complemen- 
tary to the manufacturing, market, research, 
public policies and civil society’s part on e-mo- 
bility. Yet, you may find a Glossary with terms 


that facilitate the understanding of expressions and 


concepts connected to e-mobility. 


We hope that this E-Mobility Annual Report will en- 
courage the development of the e-mobility ecosys- 
tem as a whole and that it stimulates activities un- 
dertaken by actors and others interested in the topic. 


Getting to know the National 
Platform for Electric Mobility (PNME) 


The mission of the National Platform for Electric 
Mobility (PNME) is to contribute to the implemen- 
tation of practices for sustainable development of 
e-mobility in Brazil. 


The Platform was created as a space for articula- 
tion of important actors in the universe of Electric 
Mobility, such as representatives of the Government, 
Industry, Academia and Civil Society to build long- 
term goals guided by technological advance, govern- 
mental public policies and market development. 


The PNME encourages networking, the exchange 
of information and knowledge and it contributes to 
mechanisms for learning and training skills. 


The Platform, which was co-created by actors in 
the sector, brings together more than 30 institu- 
tions under the leadership and strategic planning 
also drawn up collectively by a Steering committee. 
The coordination of activities are performed by the 
Secretariat, with thematic Commissions and Work- 
ing Groups (WGs) participating in reaching the Plat- 
form’s objectives as well as working on their individ- 
ual agendas. 


Hence, the development and publication of this An- 
nual Report, for which we expect updated editions 
to be published regularly, materializes one of the 
main contributions of the PNME to the ecosystem of 


e-mobility. For said reason, we are very grateful and 
pleased to present the Brazilian E-mobility Annual 
Report to each and every one of those interested in 
Electric Mobility and its important role in sustain- 
able development. 


Marcus Regis and Marcel Martin 
PNME’s Secretariat 
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WHAT ARE THE DRIVERS TO E-MOBILITY? 
WHAT'S ITS CONTEXT IN A GLOBAL PERSPECTIVE? 


HOW HAS E-MOBILITY BECOME KEY TO 
TRANSPORT DECARBONIZATION? 
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Introduction 


E-mobility refers to the concept of applying and us- 
ing vehicles with one or more electric motors for 
propulsion in at least one of its wheels and whose 
primary source of power is electricity (CHAN, 2007). 


In such cases, electricity is stored in embedded 
systems, widely known as batteries and their cells, 
charged by external power sources. 


E-mobility is a set that comprises components and 
technologies that collaborate to make electric vehi- 
cle traction work. Not only does the set consist of 
said batteries and electric motors, it also embraces 
integration technologies and connectors, hybrid 
systems - if applied - and other support systems, 
such as charging stations and their infrastructure. 


Moreover, it is arguable that e-mobility goes beyond 
the propulsion system itself. In fact, by applying 
such disruptive technologies over the traditional 
one a new perspective of appropriation and use of 
mobility is provided by its users and consumers. 


Vehicle electrification, for example, involves a who- 
le new way of supplying the vehicle, which implies 
changes in the user’s mindset as the supply model 
shifts from liquid or gas fuels to electricity from the 
grid. That results in different parameters, such as 
longer charging periods and directed accessibility 
for recharging infrastructure. 


Electrification offers a bewildering array of oppor- 
tunities to recharging service operators, refueling 
points can be found in varied places, including ho- 
mes, workplaces and leisure spaces. Considering 
that access to the grid is a prerequisite to the rechar- 
ging infrastructure and that the power grid is wides- 
pread in urban areas and highways, recharging can 


be done in different locations. That factor is also key 
to the consumer mindset and service availability. 


Gas stations must comply with a series of regula- 
tions that apply to their operations - strict security 
measures, for instance - that restrict gas stations 
to function in specific venues, not to mention those 
moments when stations run out of fuel and servi- 
ce is suspended. Well, electric recharging is about 
more capillary and distributed charging systems 
with no service suspension. 


Being open to automotive connectivity is also a re- 
levant factor, whether between vehicle and user or 
between vehicles and their local neighborhoods. 
Considering that electric vehicles (EVs) are main- 
ly composed of electrical and electronic compo- 
nents, they can smartly connect to information and 
communication technologies, which can be mutu- 
ally explored under varied approaches. 


"It is evidence that clean 
energy transitions are 
underway - and it’s also 

a signal that we have the 
opportunity to meaningfully 
move the needle on emissions 
through more ambitious 
policies and investments. ” 


Fatih Birol 
IEA’s Executive Director (IEA, 2019) 


With such features, connectivity enables users to 


access car-sharing services via applications in an in- 
dependent manner, without the need of any support 
in the choosing of the vehicle and the payment being 
done by clients themselves. Connectivity also allows 
vehicles to be connected to different entities in ci- 
ties through an approach based on the concept of 
smart cities, by which a channel of communication 
is established between vehicles and cities. 


In addition, e-mobility must be seen as a multimo- 
dal choice model, in which varied applications and 
available technologies are connected to mobility in 
a complementary manner. 


From the urban mobility point of view, the integra- 
tion of different vehicles to be operated via multi- 
modal platforms is a possibility to be explored. For 
instance, users can plan their trips by using a combo 
of public transportation options in a specific stretch, 
or even shared vehicles or electric bicycles. Tho- 
se elements converge to the vocation of e-mobility, 
that goes way beyond the concept of vehicles and 
their technologies. 


Such transformations illustrate the impact of e-mo- 
bility in the ownership of vehicle culture and car 
fueling. 


Another series of aspects that involve, for example, 
the supply-driven business are to be considered sin- 
ce said aspects impact the supply chain and new bu- 
siness models. In this annual report we focus on the 
changes in production brought by these new techno- 
logies that, when considered by market actors, imply 
targeted strategies. As for the Brazilian scenario, we 
dive deeper in it in Chapter 2. 


In order to promote and structure such an effortful 
change, our start point is the basic concepts and 
aspects of mobility. We are aiming to broaden the 
understanding of users about the dynamics of mo- 
bility on a global scale. 


In the first part of this annual report we present 
a global panorama of e-mobility. As a kickoff, we 
address the general definitions of different vehicle 
types that compose said propulsion system, which 
brings us better understanding of the international 
scenario. We also address the market layout of vehi- 
cles used by the main countries considered leaders 
of the electrification race. 


By doing so, we identify and place the growth of 
such development on a global scale and we likewise 
identify the locus where electrification occupies a 
prominent place in the agendas of said countries. 
Moreover, we can better understand which drivers 
promote correlated investments. 


Besides all that, drawing such a profile comes in 
handy since it scaffolds our comprehension of how 
advanced the expansion of e-vehicles in Brazil is, a 
topic to be presented in Chapters 2 and 3. 


Vehicle electrification technologies and 


their corresponding modes of transportation 


In the universe of e-mobility, the vehicles labeled Another label is Heavy Goods Vehicles, classified in 
as Passenger Vehicles are classified in the following Light Commercial Vehicles (LCVs, e.g. commercial 
categories: Light-Duty Vehicles (LDVs, e.g. cars and carrier vehicles in activity in urban areas) or Me- 


pick-ups), Heavy-Duty Vehicles (HDVs, e.g. buses) dium and Heavy-duty Commercial Vehicles (MHC- 
and Ultra Light-Duty Vehicles (ULDVs, e.g. bikes, Vs, e.g. trucks used in logistics operations). 
mopeds and other small two-seater vehicles). 


Figure 1. Classification of vehicles 
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The categories referred to above are also related to 
low-carbon propulsion technologies and are clas- 
sified in four main configurations, categorized ac- 
cording to their technological settings that involve 


different possibilities for the electric powertrain on low-emission vehicles. 


Table 1. Classification of low-emission vehicles. 


ELECTRIC VEHICLE 


TECHNOLOGIES 


CHARACTERISTICS 


Battery Electric Vehicle (BEV) 


BEVs are electric propulsion vehicles with an external 
electric power supply. Powered solely by an electric 
battery, with no gas engine parts. All energy to run the 
vehicle comes from the battery pack which is recharged 
from the grid. 


Hybrid Electric Vehicle (HEV) 


HEVs have both an electric motor, powered by an electric 
battery, whose energy is gained through regenerative 
braking, and a traditional internal combustion engine, 
powered by liquid fuels (fossil fuels or non-renewable 
energy sources).This type of technology has many 
available options of drivetrains (e.g. micro-hybrids, 
series hybrids and parallel hybrids), since the combustion 
engine can be powered by a variety of fuels - the latest 
models aim to be powered by biofuels. 


Plug-in Hybrid Electric Vehicle 
(PHEV) 


PHEVs combine elements from regular hybrids 

and pure EVs. Their batteries can either be powered 
by an internal source, like regular hybrids that recharge 
their battery through regenerative braking , or by 

an external source, in which case the battery pack is 
recharged from the grid. 


Fuel Cell Electric Vehicle (FCEV) 


FCEVs are electric propulsion vehicles powered 

by fuel cells, mainly hydrogen, instead of liquid fuels. 
They are similar to traditional cars, but their technology 

is rather advanced. Their cutting edge technology is 
called fuel cell stack and is designed to produce electricity 
from hydrogen. In addition, there are many available 
options to produce and store hydrogen - including 
renewable resources like ethanol fuel. 


Source: Barassa, 2019. 


interface: Battery Electric Vehicles (BEVs), Hybrid 
Electric Vehicle (HEVs), Plug-In Hybrid Electric 
Vehicles (PHEVs) and Fuel Cell Electric Vehicles 
(FCEVs). Table 1, below, shows more information 


In this context of such diverse categories, it is im- 
portant to highlight that all of them have their 
market to be explored in the Brazilian scenario. In 


addition, those categories bring the possibility of 
new business models, creation of market niches and 
new solutions to urban mobility. 


In fact, it is noticeable that support for e-mobility 
has been stimulated by the growing perception of 
the economic opportunities created by the develo- 
pment, production and commercialization of EVs. 


In this way, besides the possibility of creating a new 
model of sustainable mobility, the opportunity for 
new players to enter a sector they were not part of 
now exists. Let’s say, for instance, the electric power 
sector, fundamental to the recharging infrastructure; 
or even the supply chain of electronic components 
such as electric motors, inverters and batteries. 


E-mobility is not a genuinely new phenomenon. 
Despite its emergence between the end of the 19th 
century and the beginning of the 20th century being 
concomitant with that of the automotive industry, 
it was the internal combustion engines that estab- 
lished the technological paradigm shift for the sector 
from the 1920s on. 


It was in the 1970s that countries like the United 
States, France and Japan started considering and 
implementing measures that repositioned electric 
propulsion system vehicles in the scenario as an op- 
tion to mobility. This process of technological change 


“As in the 1920s, one century 
later we are about to go through 
a radical transformation that 
will soon leave behind those 
who are not attentive, those who 
cannot adapt, those who do not 
dare. Not only does that apply 
to the automotive industry, but 
to our society as a whole.” 


Luiz Carlos Moraes 
Chairman of Anfavea (ANFAVEA, 2020) 


E-mobility drivers and levers: 
the main conditioning factors and 
their corresponding examples 


was boosted by a series of conditioning factors in the 
international sphere of influence and it was captained 
by a vast array of policies and instruments to stimu- 
late the development of the sector mainly structured 
by said countries in order to promote technological 
advances and the growth of the EVs market. 


More precisely, it was especially after the 2000s that 
this movement started gaining speed, it had its goals 
established and instruments selected in the direction 
of e-mobility. This trend is guided by pressure and 
the search for energetic efficiency and also by the re- 
duction of vehicular air pollutant emissions, it aims to 
make vehicles more compatible with the new demands 
of our society, less hazardous to the environment, its 
purpose is to reduce urban air pollution and provide 
more comfort and interaction with other modes of 
transportation and information technology services. 


A significant part of the conditioning factors that (re) 
inserted e-mobility as a viable technological path for 
the automotive industry is associated with the wide- 
spread diffusion that internal combustion engines 
cause negative impacts for the environment and 
public health in urban centers. We are aware of the 
effects of greenhouse gas emissions and air pollut- 
ants such as particulate matters (PM) and nitrogen 
oxides (NO,), and others. 


Another key factor is the high dependence on fossil 
fuels - notably those obtained from oil - as the main 
sources of energy used in the traditional transporta- 
tion system. 


Next, we reflect on some aspects of those motiva- 
tions and levers that reestablished e-mobility as a 
valid technological route for the automotive indus- 
try in general. 


1.3.1. Energy Security 


After the 1973 and 1979 oil crisis, society realized 
its dependence on fossil fuels as energy sources re- 
sulting in concern towards diversifying such sourc- 
es. The main reason for developing energy security 
strategies is to protect national economies against 
geopolitical instabilities, especially the economies 
of those countries that import fossil fuels. 


Reproduction 


The Longyangxia Dam Solar Park, 


In the years that followed, many countries began to 
incorporate in their strategies the debate on energy 
security. An example of such is China, which has 
made several investments seeking to diversify its 
energy matrix, mainly based on coal (thermoelectric 
plants) and oil (petroleum fuel). The country started 
advancing towards renewable sources such as solar 
photovoltaic energy. 


1.3.2. Environmental Agenda 


The transportation sector is largely responsible for 
energy-related CO, emissions. In 2017, the sector 
accounted for about a quarter of total global CO, 
emissions (BRAZIL, 2018), intensifying the effects of 
global warming. The reduction of these emissions, 
particularly that of CO., is fundamental for the ful- 
fillment of the goals related to climate change out- 
lined in the Paris Agreement. 


In 2019, the global CO, emission remained at the 
level of 2018, configuring the maximum peak al- 
ready reached. 


Considering that the discussion on sustainability 
has been one of the pillars of contemporary eco- 
nomic development, many European countries, for 
instance, have signed policies that are targeted for 
e-mobility. Norway targets for new passenger cars 
and new LCVs to be zero-emission by 2025; the 
United Kingdom’s target is 2035; France, on the 
other hand, aims to end sales of internal combus- 
tion vehicles by 2040. 


one of the largest solar farms in the world, has solar 


The interaction between these aspects highlights 
panels covering 27 square kilometers (10 square the importance of designing and implementing an 
miles or the equivalent to three thousand Brazilian increasingly strict regulation of vehicle fleet air pol- 
lutant emissions. It is an ongoing challenge for au- 
tomakers and auto parts manufacturers to produce 


vehicles and equipment that meet the intended tar- 


football fields), which at peak operation can produce 
energy to supply two thousand houses. 


gets. In this process, e-mobility is a fundamental 


The Paris Agreement, adopted at the United Nations Climate Change Conference 
(COP 21/UNFCCC) in Paris speaks of measures to reduce GHG emissions in order to 
limit global warming. The Agreement reinforces the need for an international response 
to global warming by maintaining the world temperature below 2, preferably to 1.5 
degrees Celsius, compared to pre-industrial levels. Brazil is one of the signatories to 
the Paris Agreement and its Nationally Determined Contribution (NDC) commits Brazil 


to a 37% cut in emissions below 2005 levels by 2025 and achieving climate neutrality 


(net-zero emissions) in 2060. That indicates accelerating transformations in favor of 


maintaining adequate living conditions on Earth. 


Figure 2. CO, emission standards (g/km of CO,) and fuel economy standards (L/100 km) by country (2000-2030). 
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Source: Amended from ICCT, 2019. 


Aggressive emissions targets 
pose challenges to the 
improvement of traditional 
technologies and lead to the 
prospect of new alternatives. 


element when we consider its diverse technologies, 
such as hybrids and their types of hybridization, as 
well as battery electric vehicles (BEVs). All of those 
as part of this technological mix that is to meet the 
world’s growing demands. 


Considering the targets previously mentioned, au- 
tomakers face a continuous challenge of sustainably 
undergoing a technological transition that is capable 
of meeting the new requirements. By having stricter 
emissions limits and the 2020/2030 target on the 
horizon, we can see that developing and refining 
low-emission vehicles is a legitimate demand. 
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is a harmful air pollutant consisting 


of particles less than 2.5 micrometers 


in diameter that can 


, which is associated 


with the increase of 


1.3.3. Public Health 


According to the World Health Organization (WHO), 
deaths associated with exposure to Particulate Mat- 
ter (PM, .) and other local air pollutants correspond 
to one of the main risk factors for premature deaths 
in the world, it kills an estimated seven million peo- 
ple worldwide every year. 


Furthermore, according to WHO, respiratory dis- 
eases make up two of the ten most common causes 
of death in the world: chronic obstructive pulmo- 
nary disease (COPD) is third and lower respiratory 
tract infection is fourth. The problem is even more 
serious in urban areas. WHO shows that more than 
half the world’s urban population is exposed to lev- 
els exceeding at least 2.5 times WHO guidelines. 


Adopting e-mobility can be one of the keys to mit- 
igating said levels, resulting in better quality of air 
for the urban population. 


Table 2 presents the number of deaths caused by air 
pollution in selected countries. It also shows some of 
the main Brazilian cities and how the level of air pol- 
lution due to PM, varies in relation to WHO limits. 


Table 2. The impact of air pollution in populations of selected countries (2018) 


Premature 
Deaths 
Attributed Selected 
to Pollution city 
per 100,000 
inhabitants 


Total Annual 
Premature 
Air-Pollution- 


Related 
Deaths 


Ambient air 
pollution level by 
city compared 
to the WHO Air 
Quality Guidelines 


Beijing 7.3 times above AQG 
China 1,944,436 139.6 Shanghai 4.5 times above AQG 
Shenzhen 2.7 times above AQG 
Delhi 14.3 times above AQG 
India 1,795,181 132.7 
Bombay 6.4 times above AQG 
New York 30% below AQG 
United States 81,899 25.0 
San Francisco 20% below AQG 
Brazil 66,633 31.8 Sao Paulo 60% above AQG 
Japan 58,287 46.1 Tokyo 70% above AQG 
Mexico 41,723 33.1 México City 2.2 times above AQG 
Germany 37,281 45.0 Berlin 70% above AQG 
South Africa 33,680 58.3 Johanesburg 4.1 times above AQG 
United Kingdom 20,711 31.3 London 10% above AQG 
France 16,507 Paris 40% above AQG 
Argentina 14,763 33.2 Buenos Aires 20% above AQG 
Chile 6,503 34.7 Santiago 2.9 times above AQG 


* a cada 100 mil habitantes no pajis 


Source: Amended from BreatheLife, 2020. 
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Divulgation/Tesla 


An example of e-mobility innovation and its supply chain is the case of Tesla factory, 


which produces electric motors and battery packs. Tesla broke ground on the Gigafactory in 2014, 
Nevada, USA, and it is currently under construction. In 2018, battery production at Gigafactory 1 
reached an annualized rate of roughly 20 GWh. With the Gigafactory ramping up production, the 

cost of battery cells will significantly decline. The plant is powered by renewable energy sources 


and was designed to be a net zero energy factory upon completion (TESLA, 2020). 


Brazil is in with a chance of playing an important role 
in the world’s technological transformation, a peri- 
od called by some as “The Fourth Industrial Revolu- 
tion”. In addition to worrying about cleaner energy, 
making digital media technologies part of people's 
everyday life is also a priority. In such a context, be- 
sides making way for exploring new industrial pro- 


cesses, e-mobility also allows new business models 
to be developed, new services to be offered and new 
job opportunities to be created. This is about a part- 
nership between transportation services and their 
new trends, working with the connectivity brought 
by the advance of information technologies. 


An innovation process of this kind can result in a syn- 
ergistic modernization of the transportation sector. 


1.3.5.Modernizing 
Public Transportation 


In Latin America, especially in the mid-twentieth 
century, increasing urban development resulted in 
rural to urban migration, and consequently in high- 
er demands of urban services. 


Said development and the advance of public trans- 
portation did not happen at the same intensity. As 
a result, traffic jams became more common and the 
need for better quality, less polluting transportation 
became a reality. Within this context, electrification 
can be a means to modernize public transportation, 
since we expect the sector to adopt EV technology 
faster than the passenger fleet. 


From a more comprehensive perspective, said as- 
pects sparked general interest in e-mobility and 
provided a better direction for those efforts con- 


cerning the implementation of alternative propul- 
sion systems, which produce less carbon and can 
support a more sustainable mobility pattern. 


In the global scenario, we can identify different 
countries inclined to the diffusion of e-mobility and 
driven by motivations concerning their own geopo- 
litical and socio-economic realities (see Table 3, below, 
for more examples). This path is determined by var- 
ied connected reasons those countries have for the 
adoption of e-mobility. Said motivations increasing- 
ly enable the development of the global e-mobili- 
ty agenda and provide reflections about how those 
variables fit the Brazilian context. 


Not only is it such an important discussion for 
the State as a regulatory body, that promotes and 
manages policies that stimulate e-mobility, but it is 
also fundamental for the private sector to partici- 
pate in it. Stakeholders in the private sector play an 


Table 3. Examples of selected countries and their motivations for the adoption of e-mobility 


COUNTRY/ 


REGION 


PRO E-MOBILITY MOTIVATORS 


United States 


Their biggest concern is energy security, so they aim to overcome 
historical problems concerning oil-imported supply. 


European Union 


Inserted in a context of sustainable economy, Europeans debate 

and develop actions towards decarbonization along with e-mobility. 
Their goal is to become a low-carbon economy by reducing greenhouse 
gas emissions by 80% - 95% by 2050 compared with 1950 levels. 


China 


The country promotes policies that stimulate e-mobility in order to 
reduce greenhouse gas emissions and mitigate climate change, 

also to reduce air pollution in urban areas and improve energy security 
standards given the possibilities of reducing fossil fuels (coal and 
petroleum fuel) demand. 


Source: Barassa, 2019. 
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The city of shenzhen in China is an example of that. Close to realizing the 7 


, it has the world’s largest electric bus fleet (some 16,000 buses) and its taxi fleet 
isn’t far behind. Another city stands out: Santiago de Chile, in South America, with 413 electric 
buses, accounting for 6% of the city’s fleet. 


essential part in the process of adoption of these 
new technologies. At different global scales, said ac- 
tors have been investing and committing to leading 
and promoting research and development projects, 
besides building recharging infrastructures. Those 
are a fundamental part in this paradigm shift in low 
carbon propulsion technologies in our society. 


Can Pac Swire / VisualHunt 


According to data from IEA (2020), e-mobility con- 
tinued to advance in 2019, albeit at a slower pace 
when compared to 2018, EV sales accounted for 
2.6% of global car sales in said year. 


With such a growth, the global EV fleet grew to 7.2 
million electric cars, which registered a 40% year- 
on-year increase. Taking these numbers, nine coun- 
tries had more than 100,000 electric cars on the 
road. At least 20 countries reached market shares 
above 1% in 2019. 


Nowadays, there are about 7.2 million electric pas- 
senger vehicles on the world’s roads. The EV market 
is set in a triad: China, Europe and the United States. 


China leads this market, with more than 1 million EVs 
sold in 2019, which accounts for 3.4 million EVs in 
their national territory (that is almost half of the global 
stock). Then, the European market comes in second 
with a stock of 1.7 million EVs. The Europeans are 
followed by the United States, with a total of 1.5 mil- 
lion vehicles in its stock. Figure 3, below, shows this 
evolution through the historic period of 2013-2019. 


Still according to IEA (2020), the highest levels of 
market share of electric passenger light-duty vehi- 
cles were registered in the following countries: Nor- 
way, as the leader, reached 13% in 2019; Iceland, 
in second place, reached 4.4%; in third place, the 
Netherlands achieved 2.7%; coming in fourth, there 
is Sweden with 2% and in fifth, China and its 1.6% 
market share. 


E-mobility market trends (vehicles and 
infrastructure): by main countries/regions 
in million vehicles and their growth 


Micro-mobility, composed by Ultra Light-Duty Vehi- 
cles (ULDVs), has been taking a path of growth since 
2017. It is a reality in more than 50 countries and 
600 cities around the globe. China occupies a cen- 
tral place in this market, in which sales figures are in 
the tens of millions per year, which makes the Chi- 
nese micro-mobility market the biggest in the world. 


As for e-buses, a raise of 75,000 vehicles in its fleet 
was recorded in 2019 when compared to 2018. Out 
of those buses registered in 2019, 95% were Chi- 
na’s. The Heavy Duty Commercial Vehicles (HCVs) 
accounted for more than 24,000 vehicles in the 
global stock and are especially concentrated in 
China as well. 


The updated mapping of charging stations for pas- 
senger vehicles by IEA (2020) shows that 862,000 
public charging stations were constructed in 2019, 
adding up to a total of 7.3 million preexistent units. 


By 2040, we expect 57% 

of all passenger vehicle sales, 
and over 30% of the global 
passenger fleet, will be electric. 


Bloomberg New Energy Finance (BLOOMBERGNEF, 2020) 


Figura 3. Global electric car stock by country/region and EV technology (2010-2019) 
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China also has the biggest 
share of e-buses, followed by 
Europe; Latin America started 
to show interest in using 
these technologies as well. 


Most of those are slow chargers and fast chargers 
located in residential areas or in commercial areas. 
Globally, there are 264,000 public rapid chargers. 
On top of those, there are 184,000 rapid chargers 
mostly in China mainly used by e-buses. 
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Source: IEA (2020). 


In this chapter we aimed to present and analyze 
e-mobility and its possible uses and applications, as 
well as reflect upon drivers and levers of the sector, 
which become more consistent in numbers in this 
present journey. 


A variety of aspects exerted influence in the retak- 
ing of vehicle electrification, from those we high- 
light the following: 


e Pressure that comes from the environmental 
agenda, whose aim is to cut greenhouse 
gas emissions and limit emissions from the 
transport sector. That means ongoing challenges 
for companies to go through a technological 
transition that is capable of meeting the 
new global requirements; 


e As for public health, we learned about the big 
impact of air pollution the transportation sector 
is responsible for and the deaths by respiratory 
diseases caused by the inhalation of greenhouse 
gases thereof. Adopting e-mobility can be 
a solution to mitigating said levels, resulting 
in better quality of air for the urban population; 


e E-mobility makes way for exploring new business 
models, offering new services and creating 
new job opportunities. This is about a partnership 
between transportation services and their new 
trends, working with the connectivity brought by 
the advance of information technologies; 


e Electrification can be a means to modernize 
public transportation, since we expect the 
sector to adopt EV technology faster than the 
passenger fleet. 


Conclusions 


This set of factors has been boosting projects and 
actions towards e-mobility. It is known that “electri- 
fied” vehicles have the power of solving challenges 
or at least reducing negative impacts of the context 
hereby presented. 


We can further conclude that the drivers we men- 
tioned in this report have been corroborating the ex- 
pansion of e-mobility and its various modes, likewise, 
the leadership of the EV market triad China, Europe 
and the United States exercises must be appraised. 


By observing the discussion on where world lead- 
ers stand concerning the adoption of e-mobility, the 
following question then arises: how about Brazil? 
What's the country’s attitude in this context? 


Chapter 2 is dedicated to presenting Brazil's context 
of e-mobility. Said scenario shows a very different 
picture of development from that of the international 
leaders, but it still points towards development. 
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WHAT ARE THE DRIVERS TO E-MOBILITY IN BRAZIL? 


CAN E-MOBILITY REALLY OFFER THE 
oe COUNTRY OPPORTUNITIES? 
HOW HAS THIS TECHNOLOGY BEEN ADVANCING IN THE 
VARIOUS BRAZILIAN STATES AND CITIES? 


Introduction 


In this context of growing e-mobility activities 
worldwide, it is up to Brazil, as one of the main au- 
tomobile markets in the globe and as an important 
automaker and auto parts manufacturers, to follow 
trends as well as identify and grasp possible win- 
dows of opportunities in the supply chain and in 
new businesses. 


For motivations to stimulate and direct activities pro 
e-mobility are indeed a reality in Brazil, it is in such 
a context that Chapter 2 is placed - it presents the 
conditioning factors for exploring EV-related activi- 
ties in the country. 


It is essential that we have a good understanding 
of which elements demand the country’s produc- 
tive capacities and which competency profiles are 
needed for the development and use of technolo- 
gies, components, systems and vehicles in question. 
The end point of this exercise is to achieve the right 
interpretation of how to strengthen the automotive 
industry and related service sectors’ competitive 
position in the market by gaining economic advan- 
tages in the development of the EVs supply chain. 


Moreover, in a context like this, which fosters dif- 
ferent expertise and knowledge exchange, there 
is a shift of competencies, so well-established 
companies can collapse if they do not explore or 
join this new trend, either because they have their 
technological paradigms already established from 
their consolidated products rooted within their 
structures, or because they do not believe in join- 
ing the trend because of its demand. Hence, we 
emphasize the importance of directing our atten- 
tion to the motivations for the adoption of e-mo- 
bility in Brazil. 


Having established the profile of the interfaces that 
justify our study of the national context in this chap- 
ter, we will then dive deeper into the elements that 
provide motivations for e-mobility in the country. 


This is a necessary analysis which builds a strong 
base to the understanding of efforts devoted to 
the sector. In the following section, aspects of this 
growing market will be presented, as well as some 
numbers and data from the segment concerning 
its expanding infrastructure, for instance, and the 
number of EVs in Brazil, shy, yet rising. 


Motivations for Brazil to 


promote e-mobility 


"The international experiences to stimulate electromobility have 
indicated a wide range of alternatives to be considered in the Brazilian 
context. [...] Subsequent steps will naturally arise from coordinated 
efforts, and mechanisms for monitoring and evaluation of results may 
require adjustments to the routes adopted as an evolutionary process 


of public policies.” (stowik et al, 2018) 


2.2.1. Brazilian Consumer Market 


The total population of Brazil was estimated at 
around 210 million inhabitants. 2019 marks the 
third consecutive quarter of positive Gross Do- 
mestic Product (GDP) growth, which amounted to 
RS 7.3 trillions in current prices. The country’s GDP 
per capita (per person) for 2019 was RS 34,533. 


Considering the pre-COVID-19 socio-economic sce- 
nario, Brazil’s economy has always shown, despite 
weaknesses common to emerging markets, growth 
potential and, above all, a potential consumer mar- 
ket to be explored by e-mobility. 


It is important to highlight that Brazil has always 
been one of the biggest automakers in the world, 
with its relevant consumer market that stands out 
among the 10 largest on Earth, as shown in Figure 4. 


It is nevertheless noteworthy that Brazil’s Motor- 
ization Rate is relatively low in relation to other 


countries with similar consumer markets or simi- 
lar socio-economic characteristics, as presented 
in Table 4. In other words, the expansion of the 
domestic consumer market when compared to the 
average consumption in other countries is a rea- 
sonable possibility. 


Historically, the Brazilian 
mobility sector exerts great 
influence in its GDP and in 
its role as a global productive 
protagonist. 


Besides that, the recent Brazil-Uruguay free trade 
agreement for the automotive sector signed in 2015, 
the Brazil-Argentina in 2019 and the Brazil- Paraguay 
in 2020 during Mercosur negotiations offer national 
stakeholders even greater possibilities of market gain. 


Table 4. Motorization rate of selected countries 


World Ranking Motorization Rate/ 


Position country 1,000 inhabitants 
Ze United States 821 
i Japan 609 
16" France 598 
He dam Germany 593 
21" United Kingdom 587 
42"¢ South Korea 417 
ot Russia 308 
55" Argentina 316 
57" Mexico 294 
62" Chile 248 
71* Brazil 206 

South Africa 176 


Source: OICA, 2017. 


By considering all categories of vehicles, except 
is defined Ultra Light-Duty Vehicles, Brazil exported 435,044 
F B assembled and unassembled vehicles in 2019, 
py ine number Obree seree Veiner which is low when compared to the historical mark 


(nv) in the country divided by its total of 2017, but it still indicates the business potential 
population (tp) and multiplied by 1,000; of the national automotive sector in South America. 


Figure 4. Top countries in sales or registrations of new vehicles (all vehicle categories) in 2019 ranking 
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Figure 5. Assembled and unassembled vehicles - Brasil (2010-2019) 
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Relevant markets in Latin America, such as the Chil- 
ean and Colombiam ones, have been investing in 
e-buses for their municipal fleets, aiming, among 
other things, to be recognized as the cleanest and 
most sustainable South American cities. Given this 
scenario, we can spot a window of opportunity for 
the automotive sector to thrive as a strong regional 
player, an exporter of EV technologies. 


We bear in mind that the economic effects caused by 
COVID-19 are yet to be felt by Brazil and its place in 
the automotive industry. However, the aspects men- 
tioned before are remarkable and lead us to action 
in a scenario of recovery. 


2.2.2. Energy Security 


The energy security debate in Brazil goes beyond the 
matter of having a cleaner energy matrix from hy- 
dropower, solar and wind energy. The Brazilian mar- 
ket took a peculiar path when it started using bio- 
fuels - more specifically sugarcane ethanol fuel - in 
its fleet. That was how the flex-fuel technology was 
employed in mid 2003, and in 2019 more than 67% 
of Light-Duty passenger vehicles ran on ethanol fuel. 


In this context, e-mobility can add up to biofuels, 
rather than immediately substitute fossil fuels, which 
brings us back to the discussion that it is not about 
having a single solution, but finding complementa- 
ry ways to promote action for the development of a 
sustainable urban mobility model instead. 


Therefore, there’s a disruptive technological option 
that suits the Brazilian reality: the development and 
commerce of a hybrid electric system that runs on 
ethanol fuel as well. In such a system, both the coun- 
try’s productive and technological capacities can be 
explored, so that flex engine technologies - which run 
on gasoline and ethanol - can be combined to elec- 
tric powertrain technologies. The synergistic effect 


To invest in electrification 

is one of the means to leverage 
local businesses and boost 
goods exports. 


that can be produced by said alternative integrates 
electrification demands with ethanol’s strong and 
well-structured industrial base. This is a bet on na- 
tional scientific and technological knowledge, which 
required investments and appropriate resources to 
grow and also took decades to be firmly established 
in Brazil, and that still nowadays receives help from 
instruments of promotion by the government, like 
the RenovaBio program. 


2.2.3. Environmental Agenda 


Brazil’s commitment to its environmental agenda 
took an important step on September 12, 2016, 
when the National Congress ratified the Paris Agree- 
ment, on the 21* of the same month the document 
was delivered to the UN. From that moment on, the 
country’s goals were no longer pretensions, but of- 
ficial commitments. In its Nationally Determined 
Contributions (NDCs) Brazil intends to commit to 
reduce greenhouse gas (GHG) emissions by 37% be- 
low 2005 levels in 2025; and reduce GHG emissions 
by 43% below 2005 levels in 2030. Among other 
commitments made by the country, Brazil intends 
to achieve 45% of renewables in the energy mix by 
2030, such a measure is directly connected with the 
perspectives on e-mobility in the country. 


According to the Brazilian National Balance, in 2017 
the country generated 437 million tons of CO,, 
46.6% of which came from the transportation sec- 
tor. In 2018, 391.5 million tons of CO, were gener- 
ated, out of which 48.7% were again from the trans- 
portation sector. Despite this small decrease, Brazil 


For i A 


phase is being developed and is in 


accordance with the Euro VI program for emissions standards. All new type approvals 


from 2022 on and all sales and vehicles registrations from 2023 on 


by Resolution n. 490, November 16, 2018. As for passenger vehicles, 


according to Resolution n. 492, December 20, 2018, Proconve L7 determined 


the maximum of 80 mg/km for the 
In the P-8 phase, which will go into effect in 2025, the limit drops to 50 mg/km; 
then in 2027 to 40 mg/km; and from 2029 on the limit will be 30 mg/km. 


still has challenges ahead of it when it comes to 
reducing these emissions, so the country must take 
into account the contribution of the transport sector 
to fulfill the goals outlined in the Paris Agreement. 


In its regulatory context, the Motor Vehicle Emis- 
sion Control Program in Brazil (Proconve) was cre- 
ated in 1986 and sets emission targets for the au- 
tomotive industry. 


Given this scenario, the adoption of e-mobility can 
contribute to the reduction of air pollutants and the 
decarbonization of the Brazilian economy, honoring 
the commitment made by the country to fulfill the 
goals outlined in the Paris Agreement. Brazil has a 
vast repertoire when it comes to clean electric en- 
ergy generation within the global context due to its 
hydroelectric power plants and, more recently, its 
increasing use of wind power and solar power. 


Vehicle emissions are one of 
the major causes of deaths by 
air pollution in Brazil. 


from 2022 on. 


2.2.4. Public Health 


The Ministry of Health of Brazil released a report 
on public health in the country that stresses a rise 
of 14% in the number of deaths associated with 
air pollution in 10 years, from a total of 38,782 in 
2006 to 44,228 in 2016. As well as the number of 
preventable deaths caused by respiratory diseases, 
the number of population exposure to O, (ozone) 
and PM2.5 (inhalable particles of air pollution, also 
known as fine particulate matter) is also rising, es- 
pecially in big urban areas and regions that suffered 
from wildfires. The Ministry also published that 
more than RS 1.3 billion was spent in hospitaliza- 
tions for respiratory problems in 2018 alone, and 
it estimated that more RS 14 billions was spent be- 
tween 2008 and 2019. 


In Brazil, out of its estimated 210 million inhabitants 
85% live in urban areas, according to its National 
Household Sample Survey. As presented in Table 5, 
big Brazilian metropolises show levels of air pollu- 
tion way above WHO guidelines. 


As for the city of Sdo Paulo, in particular, Saldiva 
(2019) reveals the average annual concentration of 
inhalable particles is 29 micrograms/m® (which is 
equivalent to a person smoking 4 or 5 cigarettes a 


day, either passively or not). In this regard, projec- 
tions released by the Sdo Paulo Medical Association 
(2018) show that if the level of PM,. pollution sta- 
bilizes to 2018 levels, there will be 51,367 deaths 
associated with air pollution in the SA€o Paulo metro- 
politan area between 2018 and 2025. On top of that, 
there will be 31,812 hospitalizations or respiratory 
problems in the public system in the same period, 
which is an estimated RS 58.7 millions bill to the Uni- 
fied Health System of Brazil (RS 1,845.22 per capi- 
ta). Such a problem is closely related to respiratory 
and cardiovascular diseases as well as to lung cancer, 
which means that those together can be more fatal, 
for instance, than road traffic deaths in the country. 


The data presented above can guide the debate and 
the formulation of public policies that foster stra- 
tegic actions to improve air quality in cities, which 
would consequently result in better quality of life 
to citizens and public expenditure reduction, more 
specifically in regards to the hospitalizations previ- 


ously mentioned. Although this impact will be most 


keenly felt by the healthcare sector, joint effort is 
essential to find a way around this problem and that 
includes the participation of both the energy and 
the transportation sectors, as well as the develop- 
ment of sustainable urban mobility and low emis- 
sions technologies. 


2.2.5. A new ecosystem of 
e-mobility innovation 


Having a robust ecosystem of innovation is closely 
related to going through an intense process of qual- 
ification of human resources to work, for instance, 
in the development and production of vehicles and 
their components, or even in vehicle maintenance 
and repair or the design of new business models. 
Consoni et al. (2019) point out the evolution over 
time of specific training activities to knowledge 


Table 5. Levels of air pollution compared to WHO guidelines in selected Brazilian municipalities (2018) 


Municipality Level of air pollution 


540% above WHO limits 


Brasilia 


Sao Paulo 


60% above WHO limits 


Belo Horizonte 


40% above WHO limits 


Sao José dos Campos 


40% above WHO limits 


Campinas 


30% above WHO limits 


Rio de Janeiro 


10% above WHO limits 


Salvador 


within WHO limits 


Curitiba 


40% below WHO limits 


Source: Amended from BreatheLife, 2020. 


The innovation index, 
according to the Brazilian 
Institute of Geography and 
Statistics (IBGE), consists of the 
percentage difference between 
the number of companies that 
fostered innovation and the 
total number of participant 
companies in the research. 


generation. Then, again, we come across a window 
of opportunity to stimulate coordinated actions that 
foster technological competencies development in 
the e-mobility sector. 


According to PINTEC, 2017, between 2015 and 
2017, the Brazilian innovation index in motor vehi- 
cles, trailers and truck bodies production was 34.3%, 
which is higher than the country’s average index of 
industrial innovation of 33.9%. When we consider 
only automakers of cars, pickup trucks, utility vehi- 
cles, trucks and buses, the innovation index average 
rises to 69.5%. 


Moreover, under the e-mobility perspective, this 
ecosystem is chiefly composed by the energy sec- 
tor, whose major representative is the Brazilian Na- 
tional Electric Energy Agency (Aneel), the leading 
institution in fostering research and development 
projects on e-mobility when compared to the lat- 
est efforts made by the public sector in stimulating 
such activities. Figure 6 provides clear evidence 
that the projects carried out by ANEEL represent 
65% of the total contributions to projects on e-mo- 
bility made by development agencies, banks and 
other institutions that support research in Brazil. 


Figure 6. Amount invested by government agencies 


65% 
P&D ANEEL 


GOVERNMENT 
AMOUNT INVESTED 
AGENCIES 


FINEP RS 53,294,485 
BNDES RS 13,800,000 
CNPQ RS 3,164,874 
ANEEL R&D RS 131,743,372 


Source: Barassa, 2019. 


The R&D program of ANEEL 
aims to allocate human and financial 
resources to R&D and Energy Efficiency 
projects. In this regard, the section 
“Public policies and government 
instruments of promotion” will provide 


more details about said program and its 


connection with e-mobility. 


2.2.6. Modernizing 
Public Transportation 


Another relevant aspect to boost e-mobility is the 

sec- 
tor, since it is involved in the development of both 
pilot and demonstration projects. Bermudez (2018) 
suggests that different actors, such as local govern- 
ments, energy companies, universities and R&D cen- 
ters, automakers and components makers, vehicle 
fleet operators and others have been forming part- 
nerships in projects aiming to expand the benefits of 
those low emissions technologies. 


In general, this modernization of public transporta- 
tion involves not only the vehicles, but also the way 
services are offered, which means to afford oppor- 
tunities in the public-private sphere for the develop- 
ment of new business models. Hence, the Brazilian 
population can be offered a more comfortable, more 
environmentally friendly public transportation ser- 
vice, that is also more connected to the new infor- 
mation and communication technologies. 


Imagem ilustrativa « Reprodugdo/ YouTube 


In some capitals of Brazil, political efforts are being devoted to the implementation of low GHG 
emission technologies, such as the Sao Paulo Climate Change Policy. Said Policy targets the 
reductions of emissions in the municipality, which includes the reduction of fossil fuels use in public 
transportation. The Bus Rapid Transit (BRT) electrification initiative in Salvador, Bahia, 
and the e-buses pilot project in Belo Horizonte, Minas Gerais, are also underway. 


E-mobility in Brazil: statistics, market growth 
and infrastructure 


"The question ahead is no longer whether electric mobility will reach a 
large scale in Latin America and the Caribbean, rather when.” 


UN Environment (REICHENBACH, 2018) 


The Brazilian e-mobility market is in its early stage 2019 was a relevant year for the national e-mobility 
of development and its numbers are still low when market, with registrations of new electric passenger 
compared to those of the largest EV markets or even cars and Light Commercial Vehicles three times big- 
to its number of internal combustion vehicles. Yet, ger than 2018's. 


Figure 7. Registration of electric passenger Light-Duty Vehicles and Light Commercial Vehicles in Brazil (2007-2019) 
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Source: Ministry of Infrastructure, 2020. 


According to the data collected up to December 
2019 in the records of the National Traffic Depart- 
ment of Brazil (DENATRAN), we see an exponential 
growth curve regarding the increase in sales of new 
electric passenger LDVs and LCVs, with emphasis on 
regular Hybrid Electric Vehicle (HEVs), which can- 
not plug into the grid to recharge, and the mark of 
19,000 units sold. Plug-In Hybrid Electric Vehicles 
(PHEVs), on the other hand, reached 3,000 units sold 
and Battery Electric Vehicles (BEVs) totaled around 
1,000 units. The total of the electric Light Commer- 
cial Vehicles fleet is 22,919 units in Brazil. 


The Brazilian e-mobility market is in its early stage of 
development and hybrids are still the preferred elec- 
tric propulsion system. 


All data presented in this section refer to a Covid-19 
pre-pandemic period. The phenomenon of social 
distancing and quarantine caused by the need to 
control the virus has impacted forecasts of coming 
periods. 


As for each category of EVs, as shown in Figure 
9, we can see many automakers offer BEV mod- 
els, predominantly the BMW i3 model with 25% of 
market share. When it comes to HEVs, Toyota is 
the leader with almost 80% of market share - notice 
that the RAV4H and the Corolla Hybrid Flex were 
launched in the Brazilian market only in 2019. As 
for the PHEVs, the Swedish company Volvo and the 
German Porsche came on top. 


Figure 8. Types of registered EVs in the Brazilian fleet (2007-2019) 
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Source: Ministry of Infrastructure, 2020. 


Figure 9. Best-selling EV models in the Brazilian market by categories of EVs (2007-2019) 
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Figures 10 and 11 show the 10 biggest Brazilian 
electric LDVs fleets by states and municipalities, re- 
spectively. In this context, we can see that numbers 
are higher in the South and Southeast regions of the 
country. The state of Sao Paulo stands out both among 


Source: Ministry of Infrastructure, 2020. 


leading states and cities, which is represented by its 


capital Sdo Paulo and countryside city Campinas. 


As for buses, it is noteworthy that e-buses have 
paved their market especially in bids for fleet op- 


Figure 10. Top 10 biggest Brazilian EVs fleet by states (2007-201 9) 
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Figure 11. Top 10 biggest Brazilian EVs fleet by municipalities (2007-2019) 
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eration in cities and in demonstration projects. The 


E-bus Radar portal, an initiative that maps the Lat- 
in American fleet of e-buses, shows that there are 
247 e-buses operating in Brazil, including trolleybus, 
which account for the majority, and regular buses 
connected to the grid and fed by an overhead line 
(see Figure 12). 


As for electric Ultra Light-Duty Vehicles (ULDVs), 
a recent report released by the Brazilian Associ- 
ation of ElectricVehicle (ABVE) presented growth 
in the sector. The e-mopeds sales were higher, in- 


Figure 12. E-buses in Brazilian municipalities. 


cluding CityCoco models, which are fat tire elec- 
tric scooters similar to mopeds but whose use is 
not yet regulated in Brazil, from 1,629 units sold 
in 2017 to 12,339 in 2019. By quantity, the num- 
ber of e-bikes comes on top, accumulating sales of 
around 25,000 bicycles over the 2017-2019 three- 
year period. Figure 13, below, shows such growth 
patterns of said categories. 
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Figure 13. Growth in sales of electric ULDVs in Brazil (2017-2020) 
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In regards to EVs recharging infrastructure, the 
PlugShare platform estimates that there are nearly 
500 public or private charging stations constructed 
in Brazil, mainly in the South and Southeast regions 
of the country (see Figure 14). 


Noteworthy in this analysis is the fact that the pro- 
file of the infrastructure that is being implemented in 
the country refers to its allocation in strategic trans- 
portation corridors traveled by heavy goods vehicles 
and passenger vehicles, as shown in Figure 15. 


We noticed, for example, a corridor of charging sta- 
tions that connects Curitiba to Asuncion (Paraguay), 
another on the Anhanguera and Bandeirantes high- 
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ways that connects the cities of Campinas and Sdo 
Paulo and finally, a corridor on the Dutra highway, 
which connects the state of Sado Paulo to the state 
of Rio de Janeiro. 


For now, rapid chargers can be 
found in strategic transportation 
corridors and highways traveled 
by Heavy Goods Vehicles and 
Passenger Vehicles 


Figure 14. EVs recharging infrastructure in Brazil 
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Figure 15. recharging infrastructure in Brazil (notice the strategic transportation corridors in the map) 
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Conclusions 


This chapter aimed to analyze the panorama of 
e-mobility in Brazil from the following perspectives: 
1) reflect upon the motivations that support more 
assertive actions by the country towards e-mobili- 
ty and their corresponding reasons and 2) paint a 
scenario of this market by states/cities and types of 
architecture and vehicles in circulation. 


Regarding the motivations, at large, we find that: 


e In Brazil, there is a potential consumer 
market to be explored by e-mobility. 
We saw that historically Brazil is among 
the biggest automakers in the world, 
with its consumer market among the top 10 
on Earth. Furthermore, the recent free trade 
agreements previously explored offer national 
stakeholders possibilities of market gain 
(concerning vehicles and components) 
in international markets; 


As for energy security, the synergistic effect 
that can be produced by biofuels and what 
can come from such an approach integrates 
electrification demands with ethanol’s strong 
and well-structured industrial base. This is a 
bet on national scientific and technological 
knowledge of biofuels; 


Considering Brazil’s commitment to its 
environmental agenda and the Paris Agreement, 
the adoption of e-mobility can become an 
alternative to the reduction of air pollutants and 
the decarbonization of the Brazilian economy, 
honoring the commitment made by the 

country to fulfill the goals outlined in the Paris 
Agreement, as discussed before; 


e As for public health, vehicle emissions are one 
of the major causes of deaths by air pollution in 
Brazil and e-mobility becomes especially relevant 
in this scenario; 


e Regarding a new ecosystem that is being formed, 
we come across a window of opportunity 
to stimulate coordinated actions that foster 
technological competencies development in the 
e-mobility sector; 


e Finally, the modernization of the Brazilian 
transportation sector is another relevant aspect 
to boost e-mobility in the national context, since 
it is involved in the development of pilot and 
demonstration projects in Brazilian cities. 


In general, the debate on reasons and conditioning 
factors for e-mobility is still new in Brazil. Howev- 
er, a certain replication of the international motiva- 
tions is remarkable as well as the country’s unique 
demands. For instance, from the entrepreneurial 
perspective, there are windows of opportunities to 
all sorts of contexts, the same way that public health 
and its connection to public transportation is a de- 
mand common to Brazil and other countries. Con- 
trarily, when it comes to its environmental agenda 
and emission targets, Brazil is not as sharp as others 
in the international panorama. 


On the same comparative approach, we can say that 
the Brazilian e-mobility market is in its early stage 
of development and its numbers are still low when 
compared to those of the largest EV markets or even 
to its number of internal combustion vehicles. Yet, 
considering the pre-COVID-19 scenario, 2019 was a 
relevant year for the national e-mobility market, with 


registrations of new electric passenger cars and LCVs 


three times bigger than 2018's. 


It was also possible to confirm that the e-mobility 
market is mainly concentrated in the state of Sado 
Paulo, followed by Parana, Rio de Janeiro and Minas 
Gerais. The state of Sado Paulo stands out among 
leading cities, especially represented by its capital 
Sao Paulo and the city Campinas. 


Those findings highlight that e- mobility can be adopt- 
ed through clustering, that is, at first being developed 
according to territorial mobility patterns. The de- 
ployment of recharging infrastructure corroborates 
that, since the first charging stations were allocated 
around the cities and regions previously mentioned, 
as well as in strategic transportation corridors that 
connect said states. 


When analyzing these embryonic, high-leverage ini- 
tiatives, some questions arise: Who are the actors 
involved in these initiatives? How are their activities 
being structured? What kind of roles are these ac- 
tors playing and what action plans are being prior- 
itized? Those and other questions are the theme of 
Chapter 3, which explores the ecosystem of e-mo- 
bility innovation in Brazil and analyzes each of its re- 
lated profiles. 
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Introduction 


In order to better understand how the ecosystem of 
e-mobility works we may adopt the perspective of 
the innovation system, which is based on three com- 
ponents that cooperate and collaborate towards a 
common goal: actors, networks and institutions. 
From that perspective, the expansion of e-mobility 
in Brazil is a keyword. Some characteristics of that 
system were inherited from the long-established 
automotive sector, which concerns internal com- 
bustion engines, and where novelty and tradition 
coexist through this new path of e-mobility. 


"In Brazil, electrification 
initiatives are still part of an 
emerging movement, but the 
first experiences have shown 
that electrification is certainly 
the path that will lead us to a 
low-emission mobility system.” 


Professor Flavia Consoni 
University of Campinas (UNICAMP, 2019) 


An 

is “the network of institutions 
in the public and private 
sectors whose activities and 
interactions initiate, import, 
modify and diffuse new 
technologies”. In this regard, 


we suggest readers consult 


Christopher Freeman (1987), 
Bengt-Ake Lundvall (1992) 
and Richard Nelson (1993) 
who constitute the 


of the National 


System of Innovation (NSI). 


Said system is composed of 
some main spheres as shown 
in Figure 16 and Table 6, 
respectively, which will be 


further explored later. 


Table 6. E-mobility ecosystem spheres in Brazil and their related roles 


SPHERES ROLES 


Automakers make up the auto industry along with auto parts manufacturers. 
Those companies lead the automotive supply chain in Brazil. All automakers 


putemaKels that form the Brazilian auto scene are foreign capital companies and have 
started adopting measures in favor of EVs in the country. 
Components makers add up to automakers in the automotive supply chain. 
In the national context, foreign-owned companies and companies of domestic 
Components 


investment origin stand out in the sector when it comes to developing 
accumulators (batteries) as well as powertrain parts (electric motor parts). 


Electric power 
sector 


Companies in the electric power sector have been taking vigorous action 

in favor of e-mobility in Brazil, since their main role is to supply power - 
power that charges and moves EVs. Their projects stand out in the national 
scenario of e-mobility. 


Education Composed by initiatives of Universities, Research Institutes and other 

and research R&D centers that provide training and qualification of human resources 
systems and also generate scientific and technological knowledge on e-mobility. 
Government It is a multi-scale system, organized in federal, state and local government 
and its levels, in which the State participation happens through fiscal policies, 
regulatory climate change policies, R&D policies, collaboration and cooperation 
agencies of actors, industrial support policies and regulatory policies of this system. 


An environment 
of promotion 
and innovation 


The Innovation Environment is characterized by the performance of 
agencies such as the Brazilian Agency for Industrial Development (ABDI), 
the Brazilian Company of Research and Industrial Innovation (EMBRAPII) 

as well as the Research Support Foundations (FAPs). We highlight the capital 
contribution subsidized by FINEP (Funding Agency for Studies and Projects) 
and BNDES (Brazilian Development Bank), and also agencies of protection 
for inventions, like the National Institute of Industrial Property (INPI). 


Start-ups 


Technology-based companies that develop specific niche markets and 
that are taking advantage of available opportunities to launch new products 
and business models in the e-mobility sector. 


Business and 
Economic 
Interest Groups 


They are important when it comes to bringing together different actors, 
organizing debates and actions led by their members, especially aimed 
at promoting e-mobility. It is the role of organizations and civil society, 
which can engage with technological changes for e- mobility. 


Source: Amended from Barassa, 2019. 


Figure 16. Actors in the innovation ecosystem in Brazil 
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3.1.1. Automakers 


According to Anfavea (2020), in 2018 there were 22 
automakers, which provided 106,705 direct jobs, gen- 
erated USS 54 billion in revenue and made up nearly 
18% of the national manufacturing sector GDP. All of 
these automakers that form the Brazilian auto scene 
are foreing capital companies and most of them have 
started adopting measures in favor of EVs in Brazil. 


and Research 
Systems 


Source: Personal collection. 


3.1.2. Components 


In 2019, Sindipegas (National Association of Bra- 
zilian Auto Parts manufacturers, the biggest asso- 
ciation in its sector) released a report that shows 
a total of 473 Sindipegas’ member companies in 
2018 and accounted for 174,537 employees. Its 
total revenue was estimated at US$ 26 million. Out 
of the total of its members, 57.2% are foreign direct 
investment (FDI) companies, 29.4% are domestic 
investment companies, 10.5% are majority-owned 
FDI companies, 1.6% are majority-owned domestic 
investment companies and 1.2% are mixed-econ- 
omy companies. The auto parts trade balance ran 
a historical deficit of 5.6% in 2018, whose main 


partners were Argentina, the United States, Mexi- 
co, China and Germany. 


Despite the predominance of foreign-owned com- 
panies, it is noteworthy to mention that some com- 
panies of domestic investment origin stand out in 
the sector when it comes to developing accumu- 
lators (batteries), powertrain parts (electric motor 
parts), as well as EVs and PHEVs recharging infra- 
structure (charging stations) solutions. 


3.1.3. The Electric Power Sector 


Companies in the electric power sector have been 
taking vigorous action in favor of e-mobility in Bra- 
zil, since their main role is to supply power - power 
that charges and moves EVs. Said companies’ main 
actions concern initiatives for the development of 
demonstration projects, whose goal is to further 
study and better understand EVs technology, as well 
as its applications and implications. Above all, they 
seek to identify possibilities for companies to act in 
electricity provision, the recharging infrastructure 
and the concerning new business models. 


Within the sector, it is important to consider that 
these efforts allocated to the development of e-mo- 
bility are especially justified by the ANEEL R&D 
Program (Law n. 9991/00) and its the mandatory 
investment in research and development clauses. 
Although most projects are not exclusively linked to 
mobility, they have largely affected the actions from 
the electric sector in favor of EVs in Brazil, which 
promotes greater reflection on the topic in general. 


3.1.4. Education and research systems 


Barassa (2019) presents the competencies develop- 
ment in the e-mobility sector and indicates patents 
being issued and articles being published on the 
topic of e-mobility in Brazil, which illustrates an 
emerging scientific production movement. Those 
researches have been conducted mainly by univer- 
sities and research institutes and, to a lesser extent, 
by companies in the private sector. We can also 
observe the following research focus areas: hybrid 
vehicle architectures, lithium batteries, electric mo- 
tors and charging systems. 


Local training activities are also an emerging and 
growing movement. A raise in the amount of scientif- 
ic production and research groups inside universities 
and research institutes can be noticed. Said groups 
are open to partnerships with the industry, especially 
in developing studies on the electric powertrain. 


3.1.5. The Government and its 
regulatory agencies (in the 
governmental environment) 


Barassa (2019) points out that the State participa- 
tion, at any of the federal, state and local govern- 
ment levels, happens through fiscal policies, climate 
change policies, R&D policies, collaboration and co- 
operation of actors, industrial support policies and 
regulatory policies of this system. The State par- 
ticipation takes place through its agencies, which 
regulate health and safety specifications and control 
vehicle emissions. At the same time, it is up to the 
State to provide, regulate and inspect the infrastruc- 
ture for EVs to run. 


In this context, some considerable steps were tak- 
en by the State, such as the Import Duty and Tax 
on Industrialized Products (IPI) - which taxes HEVs 
under specific rules - being extinguished by the 


government, in addition to the Route 2030 program, 


or other local initiatives like the Sao Paulo Climate 
Change Policy. 


On this matter, important state actors must be ac- 
knowledged: the Ministry of Science, Technology 
and Innovation, the Ministry of Economy, the Minis- 
try of Regional Development, the Ministry of Mines 
and Energy, and others. 


The challenge to the Brazilian governmental envi- 
ronment is to formulate policies in a coordinated and 
collaborative manner that dialog with all sectors, 
and more than that, with all states and municipalities 
that also govern their related entities. 


Another relevant group within this context is that of 
regulatory agencies and programs such as ANEEL, 
INMETRO, ABNT, PROCONVE, among others, that 
work to set technological standards and define which 
paths technologies can take. 


3.1.6. An environment 
of promotion and innovation 


The Innovation Environment is characterized by 
the performance of agencies such as the Brazilian 
Agency for Industrial Development (ABDI), the Bra- 
zilian Company of Research and Industrial Innova- 
tion (EMBRAPII) as well as the Research Support 
Foundations (FAPs) that are agents of organization 
and promotion of innovation activities in the coun- 
try, responsible for supporting research projects, 
carrying out projects in partnerships with both the 
private and the public sector, in addition to running 
demonstration projects on specific technologies. As 
for Intellectual Property, the National Institute of In- 
dustrial Property is responsible for managing appli- 
cations, licenses, concessions and other procedures 
that involve the processing of patents in Brazil, in- 
cluding those of e-mobility. 


In regard to promotion of e-mobility, we highlight the 
capital contribution subsidized by FINEP (Funding 
Agency for Studies and Projects) and BNDES (Brazil- 
ian Development Bank). Those institutions play the 
part of strategic sources of funding because of the 
technological uncertainties concerning e-mobility, 
which demand investments from companies. 


3.1.7. Start-ups 


Start-ups are essentially technology-based com- 
panies which are directly connected with the in- 
novation environment, so they foster emerging 
technologies and new business models. They work 
particularly in the development of digital platforms 
for services and systems, such as BMS, power 
electronics and aspects of connectivity. In addition, 
start-ups provide new perspectives on business 
models supported by fresh proposals of how to of- 
fer and use urban mobility services, which results 
in coordinated efforts of other actors, such as the 
electricity sector itself and the automakers. 


“Sharing is another inexorable 
trend that puts technology 
companies and start-ups 

in a position to collaborate 

or compete with traditional 
manufacturers/dealers of 
vehicles and auto parts.” 


Luiz Carlos Moraes 
Chairman of Anfavea (ANFAVEA, 2020) 


The development of car sharing models, for exam- 


ple, has been gaining more and more space within 
the mobility scenario. 


We are dealing with a scenario full of challenges 
and opportunities that can boost e-mobility for so- 
ciety, by contributing to its popularization and mar- 
ket gain. 


3.1.8. Business and Economic 
Interest Groups 


Among Business and Economic Interest Groups that 
concern e-mobility, four of them stand out: 


a) ABVE - Brazilian Association of Electric Vehicle: 
works with companies of the industrial sector 
and other actors, its objective is to promote 
the debate on e-mobility, explore the EVs theme 
so that society is familiarized with it, as well as 
support the decision-making process regarding 
regulatory measures and the collaboration and 
cooperation of actors, either from the public 
or the private sector. 


b) ANFAVEA - National Association of Vehicle 
Manufacturers: brings together automakers 
and agricultural machinery manufacturers 
with production plants and facilities in Brazil. 
ANFAVEA has been in the spotlight since it 
carried out actions that require a more active 
participation in the scope of political decisions 
to promote e-mobility, such as its work with the 
Municipal Chamber of Sado Paulo for the city’s 
bus fleet renewal and, in the federal sphere, 
in debates on the development of a policy for 
the automotive sector, the Route 2030 program. 


c) ABRAVEI - Association of Innovative Electric 
Vehicle Owners: made up of EV owners, 
its goal is to advocate for the interests of its 


members in issues regarding their EVs and EV 
automakers and/or dealerships throughout the 
national territory. 


d) SINDIPECAS - National Association of 
Brazilian Auto Parts manufacturers: brings 
together companies established in Brazil that 
supply components for automakers, it stands 
out in the discussions of e-mobility, aiming 
to better understand the role that these 
companies can play in the broader context 
of sustainable urban mobility. 


Despite the embryonic stage of e-mobility in Brazil, it 
is important for actors in the private sector to under- 
stand public sector regulations and its organizational 
structure as well as their roles in this complex inno- 
vation system. That will lead said actors to reflection 
and forming opinions with strategic directions and 
synergistic, collaborative actions so that efforts are 
not spared in the promotion of e-mobility in Brazil. 


From the 2010's on, some pilot and demonstration 
projects were initiated aiming to address issues re- 
garding e-mobility in Brazil. Said projects have been 
carried out by various actors and participants, such 
as traditional automakers established in Brazil, new 
companies, auto part manufacturers, technolo- 
gy-based companies and start-ups, electricity sup- 
pliers, recharging infrastructure and charging sta- 
tion companies and interest groups that support the 
activities mentioned above. 


In a general sense, we are talking about initiatives 
for experimentation and knowledge generation of 
EV technologies, as well as initiatives for legitimiza- 
tion of e-mobility by society through a better under- 
standing of how to operationalize this ecosystem, 


“We have to seize this 

opportunity to make a speech 

on technological sovereignty 

in this area that we dominate. 
Renewable energy is within 
Brazilian competency, so that needs 
to be valued and transformed into 
production of wealth.” 


Paulo Alvim 

Ministry of Science, Technology and Innovations’ 
Secretary of Entrepreneurship and Innovation 
(Senado Noticias, 2019) 


Entrepreneurial initiatives of actors 
in this growing ecosystem of e-mobility 


design new business models and overcome chal- 
lenges to the adoption and development of e-mo- 
bility in the country. 


Table 7 shows some examples of both pilot and 
demonstration projects carried out by automakers 
in Brazil (de Sant'Ana Fontes, 2018, Barassa, 2019, ABVE, 
2020). Those are non-exhaustive examples, but they 
do illustrate how and to what extent the automak- 
ers’ actions for EVs have been developed. 


Finally, the importance of the participation of local 
governments, present in several of the aforemen- 
tioned projects, stands out in this context. Political 
articulation as well as the study and understand- 
ing of the differences between Brazilian regions is 
something the promotion of e-mobility in the main- 
ly urban areas of the great Brazilian municipalities 
can benefit from. In other words, it is about applying 
and broadening knowledge in a level closer to soci- 
ety, and that is up to local governments as well as 
other public and private institutions located in those 
municipalities which have a good understanding of 
opportunities and challenges thereof that can be 
decisive when carrying out a demonstration project 
in those areas. 


Table 7. Examples of demonstration projects on e-mobility in Brazil (2010-2020) 


Project and Project Aare Actors involved 
: General Objectives A : 
duration in the project 


Pilot Project of Taxis 
in Rio de Janeiro 
(2013-2018) 


Emotive 
(2013 -2018) 


Loan by lending contract of 50 EVs, whose ultimate 
goal was employing EVs as taxis, as well as the 
promotion of the Nissan brand and electric technology 
advances in the city of Rio de Janeiro. 


To constitute a real e-mobility laboratory in the 
Metropolitan Region of Campinas (investment account 
for about RS 40 million). 


Nissan and 
Rio de Janeiro City Hall 


CPFL Energia, Unicamp, 
CPqD, Daimon Energy 


Carro Leve 
(The Light Car) 
(2014-2015) 


It works as an urban laboratory for testing innovative 
and sustainable technologies through an e-car sharing 
system and for introducing a new transportation 
model to be expanded on a commercial scale. 


Porto Digital, MCTI, 
Government 

of Pernambuco, 
Recife City Hall, 
Serttel and Mobility 


Mob-i Foz do Iguagu 
(2014-2016) 


Ecoelétrico Curitiba 
(The Ecoelectric 
City of Curitiba) 
(2014-2016) 


Brasilia Ecomével 
(The Ecomobile 
City of Brasilia) 
(2014-2016) 


The program embraced energy management systems 
for power supply, fleet management and EV sharing. 


To establish an intelligent, connected, 

integrated and sustainable mobility network 
focused on the management of EV charging stations 
and the implementation of a car-sharing system 

(by a lending contract). 


To implement a sustainable management model for 
EV corporate fleets (by lending contract) and charging 
infrastructure that was managed by CEB (Brasilia’s 
electric power company) and Correios (the Brazilian 
Post). This project aims to test concepts and propose 
solutions during the 2014 FIFA World Cup. 


Itaipu Binacional. 
Itaipu Technological 
Park and CEiiA 


Itaipu Binacional, 
Curitiba City Hall, 
Renault-Nissan- 
Mitsubishi Alliance, 
and CEiiA 


Itaipu Binacional, 
CEB, Government of 
the Federal District, 
Correios, Renault- 
Nissan-Mitsubishi 
Alliance, and CEiiA 


Mob-i UN 
(2015-2016) 


To contribute to the reduction of air pollutant 
emissions and to demonstrate UNDP’s commitment 
to the development of innovative technologies 

that employ renewable resources and reduce 

GHG emissions. 


Itaipu Binacional, 
Renault-Nissan- 
Mitsubishi Alliance, and 
CEiiA, United Nations 
Development Program 
and United Nations Entity 
for Gender Equality 

and the Empowerment 
of Women. 


Nissan fuel 
cells program 
(2015-current) 


development of the world’s first SOFC-powered 


vehicle system that runs on bio-ethanol electric power. 


Nissan Japan, 
Nissan Brazil and ISTs 


Project and ere Actors involved 
: 5 General objectives zs : 
project duration in the project 


Business model 
experimentation 


Direct sale of vehicles to individuals and 


strategic transportation 
corridors and highways 
(2015-current) 


establishments, aiming to promote brands 
of associated companies 


to individuals and companies and the monitoring of usage and BMW 
companies recharge patterns from selected customers 

(2015-current) 

Construction 

of recharging Partnerships for the construction of charging 

infrastructure in stations in car dealerships and commercial BMW and 


Electromobility Brazil 


The Campinas 
fleet electrification 
(2015-current) 


To test the electrification of the fleet of the city 
of Campinas (in the state of Sao Paulo) and 
assess costs and improvement in the quality 

of service and in the environment 


Campinas City Hall, 

BYD Brazil, CPFL Energia, 
taxi drives and public 
transportation operators 


Sales of EVs for 
business model 
analysis 
(2016-current) 


Projects in partnership with private companies 
for testing business models 


Renault 


Alternative Vehicles 
for Mobility (VAMO) 
(2016-current) 


To encourage and consolidate the concept 

of sharing in Fortaleza (in the state of Ceara), 
in addition to promoting sustainable urban 
mobility through a network of sharing of EVs 
in the city 


Fortaleza City Hall, 
Serttel, Mobilicidade 
and Hapvida (sponsor) 


E-buses in Brasilia’s 
public transportation 
(2018-current) 


To renew the fleet and reduce of air pollutant 
emissions in Brasilia (in the Federal District) 


Piracicabana, BYD Brazil 
and Marcopolo 


E-buses Operating 
in SAo Paulo 
(2019-current) 


Compliance with new pollution reduction 
targets by municipal buses in Sao Paulo, 
15 e-buses are operating. 


Transwolff, BYD Brazil 
and Sao Paulo City Hall 


VEM-DF 
(2019-current) 


EV sharing in public fleets of the 
Government of the Federal District, 
composed of 16 Renault-Twizy which 
serves pre-registered public employees. 


Renault, WEG Industries, 
Government of the 

Federal District, Itaipu 
Technological Park, Brazilian 
Agency for Industrial 
Development (ABDI) 


Source: Personal collection amended from De Sant’ana Fontes, 2018; Barassa, 2019; and ABVE, 2020. 


This section aims to present and study the main 
initiatives on public policies, programs and debates 
promoted by the governments on e-mobility in the 
three Brazilian spheres of government (federal, state 
and municipal), their related government agencies, 
autarchies or entities (see Figure 17). 


As for ongoing policies and programs, Figure 18 
shows how those are mapped from a temporal per- 
spective presented in a timeline from 2010 to 2030, 


Figure 17. Public policies by government levels in Brazil 


Ministries 
Public Banks 
The National Congress 


State Offices 
Legislative Assemblies 


Public policies and government 
instruments of promotion 


though in some cases, policies go beyond the origi- 
nal observation range as they show promising con- 
tinuity. When considering the progress made in re- 
cent years, we may observe a more intense practice 
from 2018 on. Some specific actions in the various 
layers suggest a scene of more daring planning and 
targets in the long run. A more detailed approach 
on those policies and programs can be found in the 
following section. 


City Secretary's Offices 
City Councils 


Source: Personal collection. 
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Figure 18. Timeline of policies that impact (either directly or 
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3.3.1. Public policies at the national level: the federal government 


|. Brazil Foreign Trade Chamber (CAMEX) 
Resolution n. 97, dated 26 October 2015 


This resolution by CAMEX extinguishes the 35% Im- 
port Duty on BEVs and FCEVs. HEVs also benefit 
from that incentive, which ranges from 2% to 7% tax 
reduction depending on their engine capacity and 
energy efficiency. 


“Considering EV market 
penetration scenarios until 
2050, we can see the great 
importance of EVs in the 
future of urban mobility - EVs 
may even be first place in the 
global vehicle fleet by 2050, 
an estimate that also impacts 
many different sectors, 

such as the energy sector, 
which, in such case, strategic 
planning by governments 

is necessary so that society 
can benefit from this mass 
insertion of technology. 
Brazil will certainly be part 
of this trend.” 


Report of the Brazilian Panel on Climate Change 
(RIBEIRO & SOUZA, 2017) 


ll. Brazilian National Electric Energy 
Agency (ANEEL) Resolution n. 819, 
dated 19 June 2018 


This resolution is the first one to establish rules for 
EVs, it presents the concept of free competition be- 
tween different recharging service providers and it 
also establishes that said service and energy supply, 
commercialization and distribution are two distinct 
and disconnected phenomena. From that, we con- 
clude that those who aim to sell an energy-sup- 
ply-based service for EVs are allowed to choose a 
business model that best fits their business ideas. 


Ill. Decree of the President of the Republic 
of Brazil n. 9,442, dated 5 July 2018 


This Presidential Decree alters the tax rate on Indus- 
trialized Products (IPI) for vehicles powered by hy- 
brid or electric engines. According to this measure, 
the cut in tax rates was from 25% to 7% for BEVs 
and from 25% to 20% for HEVs. 


IV. The Brazilian Development Bank 
(BNDES) E-mobility Program 


This is a strategy adopted by BNDES that aims to 
promote the development of e-mobility according 
to two main purposes: 1. Finance the ecosystem 
of e-mobility, automakers and auto parts manufac- 
turers willing to boost the production of EVs in the 
country and 2. Finance companies that are willing 
to buy EVs to include them in new business models 
based on corporate fleets or urban mobility. Begin- 
ning in 2020, this opportunity is a watershed in the 
development of e-mobility in Brazil, offering more 
attractive credit rates for those willing to invest in 
this sector. 


The approach of said strategy has three pillars: 


i. accreditation, which refers to a gradual rate of 
minimum local content requirements, to be in- 
corporated in the long run, and which follows 
special criteria to specify local content for the 
main technologies and component; 


ii. financing the production of electric and hybrid 
vehicles, as well as their recharging equipment 
and components, especially the set up of assem- 
bly lines and production of traction batteries and 
fuel cells; 


iii. financing the purchase of vehicles and equipment 
for business models for EVs and the construction 
of charging stations. This type of financing is also 


Figure 19. ANEEL R&D CALL 22 
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. Business model 


General objectives 


1. Generate business and show the technical and economic feasibility of e-mobility 
2. Generate knowledge and develop competencies for the creation of efficient e-mobility national products 


3. Propose public policies and normative/regulatory instruments 


Specific objectives 


. Analyze the technical, economic and financial feasibility of the project 
Estudo de adequagao e/ou adaptacgao das tecnologias 


. Propose nationalization or local production of the developed technology 


directed to the deployment of a hydrogen supply 
infrastructure, which is attained by ethanol re- 
forming reactions, and the infrastructure of elec- 
tric power distribution. 


V. ANEEL R&D - Call 22 


Chamada estratégica da ANEEL com o intuito de 
ANEEL launched this strategic class aiming to gen- 
erate business and foster solutions to the e-mobil- 
ity market regarding a 4-year period (2020-2024). 
The program covers business models, equipements, 
technologies, services, systems or infrastructures 
that support the development or management of 
EVs (see Figure 19). For that, approximately RS 620 
million were allocated for the project, which is the 
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Figure 20. Route 2030 Program 
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greatest amount of money ever invested in the 
e-mobility initiative in Brazil. 


It is expected that the projects developed come to 
the latest stages of the innovation value chain with 
products and solutions to be presented; the results 
of the Program, likewise, may contribute to the as- 
sessment of the economic and technological im- 
pacts of projects in order to promote the insertion 
of those in the market 


VI. Route 2030 Program 


The Route 2030 Program is the first policy for the au- 
tomobile industry with long-term goals implemented 
in Brazil, that will be effective for a 15-year period 
(2018-2033). Right in its launch, a series of regula- 
tions and incentives by the Program were defined, 
which are aimed to improve the transport sector com- 
petitiveness and logistics in the country. The Program 
also includes the promotion of activities and innova- 
tions regarding biofuels and new propulsion technolo- 


Source: Personal collection. 


gies, which also embraces those concerning e-mobil- 
ity (see Figure 20). 


As a prerequisite for participants, automakers shall 
improve their energy efficiency in 11% by 2022. That 
concerns phase | and its more restrictive targets for 
the 5-year period of 2027-2032. In order to reach 
their targets, projects can be developed with local R&D 
support contained in this law (Law 13,755/2018). 


The policy also comprises incentives for projects de- 
veloped between companies and universities, with 
R&D expenditures covered by tax exemption granted 
by the federal government. 


The calls for proposals in point V, especially, stand out 
(they regard Biofuels, Automotive Safety and Alterna- 
tive Propulsion Systems). Those calls for proposals will 
grant RS 21 million to support projects in Institutes of 
Science and Technology (ISTs) that form partnerships 
with start-ups and automotive supply chain compa- 
nies so as to foster the development of the national 
industry and research. 


3.3.2. Public policies 
at the intermediate level: 
state governments 


At a state government level, many states adopted 
the Auto-motor Vehicles Property Tax (IPVA) ex- 
emption policy for EVs. 


According to ABVE, besides the Federal District, 8 
other states grant this exemption, as follows: Ceara, 
Maranhdo, Mato Grosso do Sul, Parana, Pernambu- 
co, Piauf, Rio de Janeiro and Rio Grande do Norte. 


Sometimes federal policies or local policies for the 
governance of e-mobility stand out more. Howev- 
er, it is convenient to acknowledge possibilities of 
contributions state governments can make through 
policies aiming to work towards regional level solu- 
tions, or even through partnerships between munic- 
ipalities that want to tackle common issues. 


For instance, it is viable to have infrastructure 
equipment, like charging stations, shared according 
to legal-administrative contracts through well-es- 
tablished agreements and the rights and duties 
defined between the parties, which goes beyond a 
local planning level. 


3.3.3. Public policies 
at the municipal level: 
local governments 


1. SAo Paulo 


Sado Paulo is the biggest metropolis in South America 
and has adopted some actions in favor of e-mobili- 
ty, since its urban context is densely populated and 
industrialized. 


The first action taken was the City Law 16.802/2018, 
which requires vehicles used in public transportation 


to commit to a 50% cut in emissions in 10 years and 
a 100% cut in 20 years. Particulate Matter (PM, «) 
emissions shall drop around 90% and 95% nitrogen 
oxides (NO,) around 80% and 95%. Such a measure 
stimulates the adoption of e-buses by the municipal- 
ity, whose current fleet consists of more than 14,000 
diesel buses. On December 6", 2019, the Sdo Paulo 
City Hall started issuing bids for 32 contracts of the 
new public transportation system in the capital. 


In addition, City Law 15,997/2014 stipulates the 
Auto-motor Vehicles Property Tax (IPVA) exemption 
concerning its municipal share for BEVs, HEVs and 
FCEVs for the first 5-year period of taxation of vehi- 
cles below RS 150,000. As an incentive for EV own- 
ers, said law also exempts those from the municipal 
vehicle restriction. 


Three other municipalities in 
the state of Sao Paulo offer the 
same benefit of exemption: 
Indaiatuba, Sao Bernardo 

do Campo e Sorocaba. 


It is also worth mentioning the Green Sampa Pro- 
gram of the municipality of Sdo Paulo, led by its Lo- 
cal Secretariat for Economic Development and La- 
bor and carried out by the Sdo Paulo Development 
Agency. This initiative aims to bring together strate- 
gic actors of the sustainable technologies sector in 
order to create a platform for innovative solutions 
that foster the development of the sector with green 
technologies. Although not being its main focus, 
there are lines of action in the program that dialogue 
with e-mobility. 


More recently, on March 30", 2020, City Law 17,336 
was enacted and it determines that residential and 
commercial buildings in Sdo Paulo offer EV charging 


solutions. These solutions must follow Brazilian 


technical standards, and both energy use and fees 
shall be individualized. The determination is valid for 
projects filed as of March 2021, when the law offi- 
cially comes into force. 


Il. Campinas 


Campinas is the biggest countryside city in the state 
of Sdo Paulo and has started issuing bids for the 
improvement of its public transportation system. 
Among other proposals of its new system, we high- 
light the creation of the so-called “Area Branca” (the 
White Area) a non-polluting-bus-only lane. For said 
target to be hit, a demand of 339 e-buses is ex- 
pected, which will make up a total of 34 urban lines 
that will run through the central region as a com- 
mon area. It is in said central area that of the public 
transportation trips occur. The municipality expects 
to reduce GHG emissions by 32%. 


Ill. Curitiba 


In Curitiba, in addition to demonstration projects, 
the City Hall enacted the exemption of Regulated 
Parking Areas (EstaR) fees for BEVs. The measure 
applies both to private vehicles and to car-sharing 
systems vehicles. In the case of private individuals, 
the exemption is up to two hours in the city’s park- 
ing areas; for shared cars there is no time limit. 


An environment of business, funding 
and promotion with private equity 


and Venture capital 


The environment of business and investment via pri- 
vate equity and Venture capital funds are essential to 
the development of e-mobility in Brazil. Such a process 
cannot be restricted to actions by the federal govern- 
ment, instead it demands initiatives by actors in the 
private sector for the development of processes, prod- 
ucts, demonstration projects, construction of facilities 
and other options that can help the country reach con- 
vergent efforts that will promote actions for the devel- 
opment of a sustainable urban mobility model. 


said categories, resulting in a scenario of various 
action plans. 


Recharging infrastructure-related businesses stand 
out in this context, being those which supply, con- 
struct charging stations or develop new energy sup- 
ply models. Noteworthy in this scenario is the offer 
of EVs as products (business as usual), as well as 
services (new business development), such as shar- 
ing and rental services. 


Investments in e-mobility can be noticed in the form of the 
transformation of the auto supply chain by components needed, 
creation of services (car-sharing) and the deployment of recharging 


infrastructures. 


When it comes to mapped private equity and Ven- 
ture capital actions in Brazil (mapped non-exhaus- 
tively), there is in its first layer the investments in the 
supply chain and, in another layer, those that repre- 
sent new business models. 


As for the supply chain, its activities involve infra- 
structure, production of vehicles and their compo- 
nents. As for new business models, activities re- 
garding sales of EVs, recharging services, as well as 
sharing and rental services. 


The categories previously mentioned are presented 
in more detail with a third layer, as in Figure 21, 
in which specific niche markets connect to each of 


Figure 21. The environment of business with private equity and Venture capital 


Additional 
recharging 
equipments 


Commercial 
vehicles 


Assembly 
of vehicles 


Passenger 
vehicles 


Table 8 presents investment profiles in the supply 
chain in more detail, it shows the main examples of 
identified projects and related companies. 
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In the same way, Table 9 shows companies that 


stand out from the perspective of new “Business 
Models” development. 


Table 8. Examples of investments which participate in the transformation of the auto supply and product implementation. 


Operation Category Companies Target Year 
deacons WEG and Randon Development of electric 2019 
Companies semi-trailer with e-Sys system 
WEE indlieiice Development of technologies for 
Powertrain d FuelTech converting conventional vehicles 2019 
ane Paes into an electric vehicles (EV) 
poets ee Imported battery tropicalization 2019 
Manufacturing ie iainanaaeReEG 
of vehicle uild a lithium iron phosphate 
ote (LiFePO) battery plant in Manaus 2020 
components 
. Build the world’s first 
Batteries Oxis Brazil and lithium-sulfur (Li-S) battery 
; ; 2023 
Codemge manufacturing operation 
in Minas Gerais 
Moura Group, 
CATL, Eletra Partnership for battery module 2019 
and VWCO life cycle management 
e-Consortium 
Electric Mobility Construction of 12 charging 2018 
Brazil and Bradesco | stations in commercial buildings 
EDP Brazil, 
ee Construction of 7 chargin 
Industry of the State ie a! ee 2019 
a stations in Espirito Santo 
of Espirito Santo 
(FINDES) and SENAI 
Construction of a network 
F Moura Group and : : 
Charging of charging stations 2019 
Infraestructure Stations Neosolar nares Nertheact 
: i Construction of 
RUCK ang ENB IC 200 charging stations 2020 
NeoCharge and Construction of charging 
: ; 2020 
Leroy Merlin stations for customers 
ABB e Aldo Import and distribution 
Electronic of energy inverters 2020 
Components and chargers for EVs 
Volkswagen, 
Bosch, CATL, en er 
Assembly Commercial Moura Group, oe 
f vehicles Vehicles Semcon, Siemens Lis alae: aut? 
or ve ' aeieee of an electric truck 
WEG Industries, 
Meritor and Eletra 
volenacels Development of 
Vehicle sales Buses MES and plug-in hybrid flex buses ae 
Marcopolo 


Source: Personal collection. 


Table 9. Examples of the development of new business models 


Rental Ultra Light-Duty Riba Brazil and E-moped rental 
: ; . 2019 
services Vehicles iFood for delivery drivers 
Beepbeep , 
and Renault eWanaeiie 2019 
Passenger Renault and Vehicle sharing 2019 
Vehicles MRV Engenharia in private enterprises 
. Renault, Itau, Vehicle sharing 
Sharing Joycar and Efacec in private enterprises ae 
Recharging Vela Bike Construction of 100 e-bike 2019 
infrastructure charging stations 
Ultra Light-Duty Riba Brazil and : 
Vehicles CEiiA Eninoped staring 2019 
Commercial BYD and Unilever EV purchase for delivery service 2020 
Vehicles 
Venda 
de Velculos Commercial Volkswagen E-truck test in 0018 
Vehicles and Ambev urban environment 


From the examples shown previously, we highlight 


the following: 


Project in which the partnership between Oxis 
Brazil and Minas Gerais Economic Development 
Company (Codemge) is formed. The purpose of 
this cooperation is to build the world’s first lith- 
ium-sulfur (Li-S) battery manufacturing oper- 
ation. The initial focus is Heavy-Duty Vehicles, 
either passenger or goods vehicles, as well as 
the Aerospace/Defense Industry (A&E). The an- 
nual production is expected to be 300,000 cells, 
which can go as far as 5 million Li-S cells per year. 
Among the companies interested in those Li-S 
cells, there is the Brazilian company Embraer, 
the North Americans Boeing and Lockheed Mar- 
tin, the European aircraft-manufacturing consor- 


Source: Personal collection. 


tium Airbus and the German Mercedes-Benz and 
Porsche. The target is to invest around RS 245 
million and have the plant operating by 2023. 


. The partnership between EDP Brazil, the Federa- 


tion of Industry of the State of Espirito Santo (FIND- 
ES) and the National Service of Industrial Appren- 
ticeship (SENAI) resulted in the largest EV charging 
networks in the Espirito Santo state. This project 
covers the construction of 7 charging stations in the 
municipalities of Sao Mateus, Nova Venécia and 
Guarapari. Those units located in public areas al- 
low two cars to simultaneously recharge in the fast 
mode. Despite the initial investment of RS 350,000, 
at first, the user will not be charged for the service, 
the only requirement is for users to register and 
have a card provided by EDP Brazil. 


Ill. The partnership between Audi and Engie will invest 


IV. 


V 


RS 10 million in the construction of 200 charging 
stations by 2022. Engie will handle the construc- 
tion, maintenance and operation of the stations 
and its app to access the service. 


In 2019 Volkswagen Truck & Bus (VWCO) led the 
initiative of the e-Consortium, which aims to de- 
velop and manufacture the first Brazilian e-trucks 
in its facilities in Resende (RJ). An initial invest- 
ment of around R$110 million was announced. 
Many companies are part of this partnership, 
such as: Siemens, which will handle infrastructure 
(charging stations and energy supply); CATL and 
Moura, which will supply battery modules; Bosch 
and WEG Industries, which will supply compo- 
nents; Semcon, which will provide engineering 
services; Meritor, which will supply electric axles 
for EVs; and Eletra, as an strategic partner. 


. The BeepBeep start-up operates a fleet of Re- 


nault Zoe EVs via a car-sharing system available 
in the municipalities of SAo Paulo and Sao José 
dos Campos and that will soon start operating 
in Porto Alegre. Vehicles can be enabled for use 
through an app, and are supported by several 
charging stations built by the start-up in pri- 
vate areas, such as shopping malls, supermar- 
kets, corporate housing buildings, parking lots 
and hotels. The initiative’s initial investment was 
around RS 3 million. 


. The Brazilian e-bike manufacturer Velabike has 


announced the construction of 100 charging sta- 
tions in cafes in the municipality of SAo Paulo by 
the end of 2019. Each station costs an average 
of RS 8,000, totaling an investment of approxi- 
mately RS 800,000. Despite the investment, the 
service is free for those who own a Velabike. 
The expectation is that other bike brands can 
also use the charging structure. 


In general, we can affirm that batteries in Brazil 
- when considering auto parts - are in its major- 
ity produced by domestic investment companies, 
which represent 75% of the market. 


This industry is mainly of lead-acid battery, its pro- 
duction is directed to OEM (Original Equipment Man- 
ufacturer) markets and replacement products, with an 
average participation rate of 24% and 76% respec- 
tively, operating as a large industrial park especially 
in the states of Sdo Paulo, Parana and Pernambuco. 


Although there is a strong presence of lead-acid 
batteries in manufacturing, the country supports 
R&D initiatives as well as demonstration projects 
regarding the development of the lithium battery 
value chain. 


When we talk about R&D initiatives, CETEM (Min- 
eral Center for Technology) and IPT (Institute for 
Technological Research) have historically worked 
on issues concerning the development of materials 
(see Figure 22), especially on the processing of lith- 
ium for use and industrial applications. 


Likewise, the Institute Edson Mororo Moura (ITEEM) 
has been playing an important role in research, de- 
velopment and innovation in energy accumulators 
by contributing with their competencies in the ap- 
plication of cells in modules and in the design of 
battery packs. Additionally, the Telecommunica- 
tions Research and Development Center (CPqD) has 
carried out a number of projects of varied applica- 


The role of accumulators in Brazil's commodity 
chain: a look into possibilities for the lithium 


battery supply chain 


tions, having then gained wide experience that was 
shared with the electronic systems project (BMS), 
the battery pack production, and vast knowledge of 
batteries testing and approval. 


In fact, there is still room for the development of 
competencies in advancing cells and their compo- 
nents, and, at the same time, it is necessary to de- 
fine actors that will contribute to market and Life 
Cycle Assessment (LCA) analysis. All in all, the set 
of essential competencies is already a reality and 
that boosts the development of an ecosystem of re- 
search, development and innovation. 


Next, we present and analyze some different per- 
spectives of performances in the supply chain. 


Figure 22. R&D actors and the lithium battery supply chain in Brazil 
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investments in the Minas Gerais Economic Devel- 
opment Company (CODEMGE) - and is specially 
focused on the goods for domestic consumption , 


3.5.1 Suppliers of battery materials 
- Lithium 


When it comes to suppliers of battery materials, 
more specifically lithium (a cathode precursor), we 
can say that Brazil’s production has always been 
small-scale, the country produced only 0.6 thousand 
tons of lithium in 2018, accounting for about 0.5% 
of the global market. 


Brazilian Lithium Company (CBL), located in 
Aracuaf (Minas Gerais state) produced the afore- 
mentioned lithium. CBL has made partnership 


such as lubricants and ceramics. 


In the last years, the activities of the sector were 
more intense, as in the case of AMG Mining in Naz- 
areno (Minas Gerais) which invested RS 450 million 
in an operation that started in 60% of its capacity, 
producing 90,000 tons of spodumene (a source of 
lithium) per year. With such volume, the potential 
for lithium extraction, which is a necessary input for 
the chain, is about 5.4 thousand tons. 


Furthermore, Sigma Mining, located in the valley of 


the Jequitinhonha - between the cities Aracuai and 
ltinga - started a big operation for lithium production 
in 2018, its planned production target was 220,000 
tons of spodumene per year from 2020 on, with a 
potential for lithium extraction of 14,000 tons. 


In face of this, new actors were mobilized and took 
their role in the chain and, when considering the 
demand for new exploration and extraction of lithi- 
um in the country, future growth is expected. 


As for anode, the Brazilian Metallurgy and Min- 
ing Company (CBMM) - located in Araxa (Minas 
Gerais) - is the largest niobium producer in the 
world. In 2018, it partnered with Toshiba Corpo- 
ration aiming to replace the carbon anode with a 
titanium-niobium composite oxide (NTO - Niobium 
Titanium Oxide), while maintaining the tradition- 
al cathode configuration. Thus, it is expected that 
the volumetric change and the related mechan- 
ical stresses during the recharge process will be 
reduced, which would otherwise lead to cracking 
and anode disintegration. The partnership between 
CBMM and Toshiba establishes that each side will 
invest USS7.2 million in a pilot plant being built in 
Yokohama, Japan, where the first units are expect- 
ed to be produced by 2021. 


Another project, still in its early stages of develop- 
ment, aims to apply niobium in making cathodes. 
In this project CBMM partnered with the North 
American Wildcat Discovery Technologies in San 
Diego, California. 


3.5.2. Cell suppliers 


Oxis Brazil, born from the partnership formed be- 
tween the Brazilian Codemge and the English Oxis 
Energy, has become the world’s first lithium-sulfur 
(Li-S) battery manufacturing operation. Its prima- 


ry focus is Heavy-Duty Vehicles, either passen- 
ger or goods vehicles, as well as the Aerospace/ 
Defense Industry (A&E), such as drones, satellites 
and eVTOL - Electric Vertical Take-off and Land- 
ing aircrafts. 


Planned to be constructed in Juiz de Fora (Minas 
Gerais), the factory’s initial investment was RS 245 
million and the plant is expected to start operat- 
ing by 2023 with an annual production of 300,000 
cells, which can go as far as 5 million Li-S cells per 
year. Among the companies interested in those Li-S 
cells, there is the Brazilian company Embraer, the 
North Americans Boeing and Lockheed Martin, the 
European aircraft-manufacturing consortium Air- 
bus and the German Mercedes-Benz and Porsche. 


The English company Oxis Energy owns the cell 
technology and received the amount of RS 18.6 
million from Codemge through the Aerotec fund (a 
Private Equity fund anchored by Codemge). By do- 
ing so, Codemge invested a 12% stake in Oxis Ener- 
gy and brought to Brazil the project of a production 
facility aiming for a more intense lithium commod- 
ity chain in Minas Gerais. The Li-S cells technology 
has been on the radar of Sony, for smart-phone 
applications and Sion Power Corporation, for auto- 
motive applications. 


Build Your Dreams (BYD), one of the main EVs 
and batteries manufacturers, opened its factory in 
Caminas (Sao Paulo) in 2014. In 2016, its e-bus 
chassis assembly line started operating with an an- 
nual production of 720 chassi (which can go as far 
as 1,440 per year) and in 2017 it inaugurated its 
solar panel plant. In August 2020 its third factory 
was opened in the Manaus Industrial Pole (in the 
state of Amazonas) and is focused on the assem- 
bly of lithium iron phosphate (LiFePO) batteries to 
be mainly applied in the buses manufactured in the 
Campinas plant. Depending on the demand, BYD 
plans to build a plant for cell production, which will 
be also located in Manaus. 


3.5.3. Battery modules 
and packs suppliers 


Moura Group, a traditional Brazilian lead-acid bat- 
tery manufacturer, partnered with the Chinese com- 
pany CATL to supply and manage the Chinese bat- 
teries life cycle that are imported to be used in the 
hybrid bus DualBus by Eletra bus manufacturer from 
Sao Paulo as well as in the models to be produced 
by the Volkswagen Truck & Bus (VWCO) e-Consor- 
tium, which will start producing the light-duty truck 
e-Delivery by the end of 2020. There are plans con- 
cerning a potential construction of a battery module 
assembly line facility with 1 GW annual installed ca- 
pacity, which is enough energy supply to move about 
2.5 thousand e-buses per year. On another note, the 
partnership between Eletra and the American com- 
pany Xalt Energy was celebrated. Eletra intends to 
adapt Xalt’s battery technology for operating condi- 
tions in Brazil. 


In 2019, the Brazilian multinational WEG Industries 
acquired the Energy Storage System (ESS) business 
of Vermont-US-based Northern Power Systems 
Corp. (NPS). In this transaction, WEG became the 
owner of NPS’s assests, patents and know-how. 
Such a transaction was part of WEG’s strategies 
that expects a global growth in the battery energy 
storage market that will combine lithium batteries 
with wind and solar energy generation. 


It is known that in the US WEG is focused on the 
installation of energy storage units in substations, 
while in Brazil the company intends to foster solu- 
tions in energy security based on hybrid battery 
models and renewable energy generation. Here- 
upon, WEG has incorporated competencies in bat- 
tery modules and packs, and it has now a favorable 
position to operate in the auto market, since the 
company already owns electric propulsion system 
components and technologies, such as power elec- 
tronics and motor drive systems. 


Electrocell, located in the Center for Innovation, 
Entrepreneurship and Technology (CIETEC) of the 
University of Sao Paulo (USP), has been working 
on the development of lithium-ion batteries since 
2007. It stands out in partnerships for battery sup- 
ply that follow the model of importing cells and in- 
tegrating them into lithium batteries locally (which 
involves designing and manufacturing battery mod- 
ules and cells). 


The prospects point to more intense activities in the 
development of the battery supply chain in Brazil and 
show relevant R&D and innovation competencies. 


For its diffusion in the country, e-mobility de- 
mands training of human resources for technical 
capacity to deal with issues brought by EV new 
technologies. In the auto industry environment, 
where professionals are used to dealing with inter- 
nal combustion engine conventional technologies, 
it is important that opportunities be granted so 
that said professionals at all levels can acquire and 
broaden knowledge in favor of e-mobility. 


The ideal profile of a professional who deals with 
e-mobility technologies is of a person who can 
adopt an integrated approach of building different 
blocks of competency, which means that the work- 
er will not only have a good understanding of EV 
parts and its functions, but will also be aware of 
how EVs integrate with the power grid, and how all 
that works in new business environments. 


In this regard, offering workers training courses is 
as important as companies and personnel showing 
interest in building up a more technical profile for 
themselves aligned with these new technological 


Professional training and skilled human 
resources in e-mobility in Brazil 


trends. Another clear challenge concerns educa- 
tional institutions, in the sense of working towards 
the creation of courses and subjects that embrace 
the training of professionals in the auto industry. 


In this scenario, it is worthy to mention the Brazil- 
ian-German Cooperation for Sustainable Develop- 
ment, initiated by the German Agency for Interna- 
tional Cooperation (GIZ), which fosters the Energy 
Systems of the Future initiative and the National 
Platform for Electric Mobility (PNME). Those proj- 
ects brought together actors of Higher-education- 
al Institutions (HEI) and the productive sector in 
a partnership with ABVE to debate and propose 
4 course subjects to be adopted by HEls in the 
training of qualified human resources that wish to 
meet the needs of the national market. 


From 2021 on, 4 subjects designed by the Cooperation projects 

are part of the HEls curricula: (1) Low-emission mobility: energy 
efficiency and vehicle electrification technologies; (2) Strategic 
Management of E-mobility; (3) E-mobility general outlook: vehicles, 
infrastructures and grid integration; (4) Energy storage units for 
e-mobility: vehicle/infrastructure technologies and interfaces. 


In Brazil, some courses and subjects for the qualification of professionals in the auto industry are offered. 
Table 10 presents some training initiatives in that field. 


Table 10. Initiatives of courses and subjects on e-mobility 


Course / 
Subject title 


Title of program 


Institution 


Campus 


National Service 


Hybrid and Electric Postgraduate of Industrial Curitiba - PR 
Vehicle Engineering (Lato sensu) Apprenticeship 

(SENAI PR) 
Hybrid and Electric Postgraduate Claretiano - Rio Claro - SP 
Vehicle Engineering (Lato sensu) Educational Network 


Automotive Energy 
Efficiency 


Specialization 


Federal University 
of Paraiba (UFPB) 


Joao Pessoa - PB 


Hybrid and Electric 
Vehicles 


Update Course 


MAUA Institute 
of Technology 


Sado Caetano do Sul - SP 


Hybrid and Electric 
Vehicles 


Undergraduate 


Federal University of 
Minas Gerais (UFMG) 


Belo Horizonte - MG 


Electric Traction 
Systems 


Undergraduate 


University Center 
of FEI 


Sado Bernardo 
do Campo - SP 


Alternative 


Propulsion Systems - 


Specialization 


University Center 


Sado Bernardo 


Hybrid and Electric of FEI do Campo - SP 
UNICAMP -Faculty 
Flow batteries Postgraduate of Electrical Catapinas-SP 


and fuel cells 


(Stricto sensu) 


and Computer 
Engineering (FEEC) 


Source: Personal collection. 


This chapter aimed to detail the ecosystem of e-mo- 
bility in Brazil from a perspective of actors there- 
of. On this topic, in general, actors are still in the 
process of building their networks, forming partner- 
ships for a better performance in the domestic mar- 
ket and interpreting their roles and space to be tak- 
en in such an environment. These conclusions show 
that the actors are still in the process of understand- 
ing their own positions in the value chain, as well as 
the possibilities of action in their fields in view of the 
possibility of insertion of EVs in Brazil. 


In fact, those elements converge to the place occu- 
pied by the Brazilian market in the world, which was 
the topic of Chapter 2, and strengthen the embryon- 
ic stage of e-mobility in Brazil. 


Still, it is noteworthy in this inter-sectoral composi- 
tion, where the interaction between the transporta- 
tion sector and the electrical and electronic indus- 
tries is essential, that opportunities for new players 
to enter the sector are being created, given that 
the connection with the new sectors is still narrow. 
In other words, new players, sectors and business 
models are now welcomed in this scenario that they 
did not participate in before. 


Let's say, for instance, the electric power sector, fun- 
damental to the recharging infrastructure; or even 
the supply chain of electronic components such as 
electric motors, and more specifically, EV accumula- 
tors and batteries, which are key to e-mobility. 


And based on the entrepreneurial initiatives report- 
ed and observed in this chapter, we can see the 
structuring of new collaborations and arrangements 
between the actors that make up this ecosystem. 


Conclusions 


The interaction and the establishment of new part- 
nerships between those actors support the emer- 
gence, expansion and consolidation of new net- 
works, which emerge to overcome barriers and 
which leverage the development of new businesses. 


In section 3.2, we saw the existing public policies 
that impact or, in some way, deal with e-mobility. 
The list of policies mentioned in this publication 
may boost entrepreneurial activities already un- 
derway in the country, but it would be opportune 
to design more robust public policy instruments 
for the promotion of EVs, so that an institutional 
framework that allows and facilitates market ex- 
pansion is built. 


We also learned about the multiplicity of instru- 
ments that make up the interface of the e-mobility 
spheres and the efforts, albeit timid, made through 
municipal, state and federal policies. It is worth 
mentioning the important strategic announcement 
of ANEEL’s R&D program which, in 2020, started to 
direct, through its companies in the electric power 
sector, approximately half a billion reais to EV-relat- 
ed projects in Brazil. 


Finally, we analyzed business environments. We 
presented some cases that show how investments 
via private equity and Venture capital funds are an 
essential part in the development of e-mobility in 
the country. In fact, we learned that the window of 
opportunity associated with new businesses is pre- 
sented by investments in services that have e-mo- 
bility as a conducting wire - see EV recharging in- 
frastructure-related businesses - being those which 
supply, construct charging stations or develop new 
energy supply models. 


Noteworthy in this scenario is the offer of EVs as 


products (business as usual), as well as services 
(new business development), such as sharing and 
rental services. We can also point out activities re- 
lated to the batteries and accumulators commodity 
chain, which leads us to a discussion focused on 
technologies pro e-mobility and to conclude that in 
Brazil some local production initiatives are begin- 
ning to emerge. 


In conclusion, with regard to professional training, 
the mapping of courses being offered in the country 
shows that the training on e-mobility of professionals 
in the auto industry is an ongoing reality that grows 
at the same speed at which this market is expanding. 
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Introduction 


COVID-19 can be characterized as a unique event 
on a global scale for the year 2020. By considering 
its alarming levels of spread and severity, COVID-19 
impacted national societies and economies direct- 
ly, since social distancing was recommended as a 
mechanism to slow down and prevent the spread 
of the virus. As a result, commercial establishments 
of most economic sectors were closed and face-to- 
face activities in various contexts (schools, churches, 
gyms and others) were suspended. 


In fact, Brazil followed those guidelines at large and 
so it suffered income loss and bilateral trade rela- 
tions reduction in the first semester of 2020. Taking 
this wide set of sectors and segments impacted by 
the COVID-19, e-mobility was not an exception as 
it suffered in various ways, which then shaped new 
paths to this segment in Brazil. 


It will be from the context presented above that this 
chapter will develop its objective of presenting and 
debating the impacts of COVID-19 on the evolution 
of e-mobility in Brazil. Said impacts will be interpret- 
ed from the analysis of barriers and opportunities 
for e-mobility in Brazil brought by the pandemic. 
Hence, it is important to understand the types of el- 
ements that affect investments presented previously 
in Chapter 3 and how they may impede or limit the 
expansion of e-mobility technologies. As important- 
ly, itis essential that we recognize if there are oppor- 
tunities in this context and the kind of factors and 
mechanisms of induction could strengthen EV-relat- 
ed activities. 


In regards to sources of the information hereby 
presented, the results obtained were based on an- 
swers from a semi-structured questionnaire carried 
out with more than a dozen specialists in the mo- 


bility sector and from different institutional layers 
(academia, government, automakers and system 
administrators of the electric power sector, for ex- 
ample). Ina complementary way, secondary sourc- 
es were used and cited throughout the text. On this 
methodological aspect, see appendices for details 
on the procedures adopted in the development of 
this chapter. 


Despite being discovered at the 
end of 2019 in China, it was 

in the beginning of 2020 that 
COVID-19 spread widely over 
countries and reached the status 
of pandemic after a community 
level outbreak. 


As a conceptual starting point, we will present op- 
portunities, actions, factors and _ circumstances 
created by COVID-19 that can help in the develop- 
ment and acceleration of e-mobility. This way, we 
will show what the pandemic may have provided as 
levers for opportunities that have not yet been ex- 
plored and how they may be interpreted. We also 
present, when relevant, technological alternatives, 
some ideas on new business models and necessary 
elements for the sector from a public policy and gov- 
ernance perspective. 


Barries, on the other hand, involve impacts and as- 
pects brought by COVID-19 that impede or limit the 
expansion of e-mobility in Brazil. 


It is imperative that we study such elements and 


present them in this Annual Report, since it will be 
from said investigation that impacts regarding de- 
bates on market forecasts and governance for e-mo- 
bility in Brazil will be assessed, topics to be discussed 
in following chapters. In order to present the results 
obtained, this chapter is organized in sections, as 
follows: public transportation, commercial vehicles, 
private passenger vehicles, micro-mobility. 


Within the scope of this Annual Report, public 
transportation includes battery-powered e-buses 
connected to the grid and fed by an overhead line. 


Table 11 shows the main barriers and opportunities 
for electric public transportation growth in Brazil 
mapped in the COVID-19 scenario. 


Public transportation 


4.2.1. Barriers 


Based on interviews we conducted, the public 
transportation sector, in general, was hit hard by 
the pandemic. That was caused due to a decline in 
the number of daily passengers, and consequently, 
daily fare losses and reduction in pay of employees. 


Table 11. Barriers and opportunities for electric public transportation growth brought by COVID-19 


BARRIERS OPPORTUNITIES 


e Decline in the number of daily passengers, 
of public transportation due to the COVID-19 
pandemic 


e Postponement of investments in e-buses 


e Financial fragility of private operators 
which went through processes of operational 
restructuring and cost reduction 


e Price fluctuation due to exchange rate imbalance 
e Economic and financial imbalances of city halls 


e Public transportation users switching 
to individual cars 


e Process of stigmatizing public transportation 
as a locus for contamination of COVID-19 


e Outdated business model when compared to 
current technologies and models 


e An appropriate time for discussing 
new business models and new fare systems 


e Operational restructuring of 
public transportation companies 


e Changes in visible air pollution and air quality 
in large urban centers during the pandemic 


e The pandemic reinforced public awareness 
of the importance and the need to prioritize 
public transportation 


e COVID-19 imposed the use of 
management tools that will bring a 
positive legacy on indicators and quality 
assessment of the service provided 


Source: Personal collection. 


According to those interviews, ridership was down 


70%, resulting in a 30% to 40% retraction in reve- 
nues obtained by daily fare, on average, in Brazil- 
ian cities. 


In fact, during the studied period, some people 
changed their habits, including those regarding 
the way they commute. For instance, in Brazil, ap- 
proximately 77% of employees of small and me- 
dium-sized companies started to work remotely, 
from home. Another change was that people had to 
abide by social distancing guidelines, which means 
that people could no longer come into close con- 
tact with each other, a measure intended to pre- 
vent the spread of the virus COVID-19. Those are 
antagonistic elements to public transportation use, 
which, in its operational essence, involves groups 
of people travelling inside a shared mode of trans- 
portation and whose purpose is to take people to 
their respective workplaces, predominantly. 


There is another element to aggravate the scenario: 
an increase of operating expenses for public trans- 
portation operators, who had to follow cleaning 
and disinfecting procedures of buses because of 
the pandemic. 


This set of aspects clearly also affected investments 
and actions that were expected to happen, in this 
case, to e- mobility. According to the interviews 
carried out, companies and investors saved their 
resources and investments - some of which were 
destined to the acquisition of new propulsion tech- 
nologies for public transportation - since the drive 
in such a scenario is to work towards better circum- 
stances in view of the financial difficulties imposed by 
COVID-19. Still based on the interviews, actions by 
the public transportation sector were, in fact, direct- 
ed to the maintenance of its operational survival. 


In this sense, we can see clear actions of compa- 
nies in this sector on their own internal reorgani- 
zation by reducing their operating expenses; when 


it comes to making investments, it is a component 
not yet to be explored or developed hereby. 


In view of the severe effect on the public transpor- 
tation system, in these interviews we found that ac- 
quisition processes of e-buses for the year 2020 
were suspended by some operators, without any 
concrete prospect for their resumption. 


In addition to the losses suffered by operators them- 
selves, cities where these technologies were used 
have also shown interest in postponing agreements 
and resolutions for EV fleet transition and use of 
new propulsion systems, especially cities that had 
signed commitments to this scope. Sdo Paulo is an 
example in this regard. The city declared a tempo- 
rary postponement of the obligations imposed by 
the Municipal Policy on Climate 


Change of Sao Paulo (Law n. 14,933/2009), which 
has a direct effect on the transition to low-emission 
buses, including electric ones. 


In addition, e-buses became more expensive in this 
period, which resulted in a barrier with higher acqui- 
sition costs. Considering that most EV components 
are not manufactured locally, for example, batteries 
(being the most critical component, in this sense), so 
it is necessary to import said components and even 
entire vehicles all together. In this sense, in the pan- 
demic, according to Infomoney, the depreciation of 
the Brazilian real against the US dollar was 35.6% as 
compared to the cumulative revenues of June 2020. 


In summary, said depreciation directly affected the 
prices of imported goods. Such new values put in- 
vestments in e-buses even more in check. 


Similarly, this scenario of COVID-19 also had an 
impact on the plans of new market entrants, com- 
panies that supply vehicles and components, which 
will reevaluate their business expansion plans in the 
Brazilian market. 


Another barrier identified as a consequence of 
COVID-19 is the broad understanding of pub- 
lic transportation as one of the main transmission 
routes of the virus. This process of stigmatizing 
public transportation as a locus for contamination 
has influenced users to seek other forms of mobility, 
such as individual cars or micro-mobility vehicles. 


In short, the set of elements presented previous- 
ly - drop in demand due to COVID-19, financial 
fragility of private operators, public policies being 
paralyzed, postponed or suspended, systems based 
on daily fare collection suffering losses and curren- 
cy volatility challenges to acquisition of imported 


PROMOBE 


Eletromobilidade no transporte coletivo: 
o caso da cidade de Sao Paulo 


goods - create, as a whole, a great pressure for the 
introduction of e-buses to be stopped, rethought 
and invariably postponed. 


However, this scenario of extreme uncertainty and 
challenges have a certain duality, as opportunities 
revealed are precisely resultant of the pandemic. 
The next section will present how to explore this 
other side to electric public transportation. 


4.2.2. Opportunities 


When we think of all the difficulties previously stud- 
ied, still, we spot some positive factors within this 
perspective of COVID-19, which can be seen as op- 
portunities for electric public transportation. 


According to experts’ viewpoints, this moment of 
crisis in public transportation also revealed a crisis 
in the current business model in which this segment 
is shaped. In this case, it refers to the current model 
in which operation is linked to ownership. 


The dramatic drop in public transit usage during 
COVID-19 can be interpreted as an appropriate 
time for this system and its operation to be re- 
thought and alternatives discussed. An example 
given by the experts interviewed during the devel- 
opment of this publication refers to a new procure- 
ment approach that separates bus ownership from 
operation and maintenance. 


In the current model, the transport operator holds all 
ownership of assets, including their associated oper- 
ating expenses; therefore, one option is to share those 
responsibilities with other actors. For example, the 
Chilean model allows the entry of players from the 
electric power sector as participants in this model, 
whereas new players in the former are owners of assets 
(e-buses). In short, this ecosystem can be more sophis- 
ticated if we consider contemporary business models. 


“Transportation Is a social 

right to Brazilians provided 

by the constitution, so it is up 

to governments, during social 
isolation, to guarantee its 
functioning for both those who 
work to overcome the health crisis 
and those who work in essential 
services for the population.” 


(WRI, 2020, p.1) 


By taking into account a possible reformulation of 
the procurement approach, we can see greater in- 
vestment attractiveness for this segment in the na- 
tional scenario. And this greater attractiveness has 
the power to leverage other companies and get new 
players into this ecosystem, which will then result in 
new products and services to be offered. 


Another extremely notorious aspect that was men- 
tioned in the interviews was the role of vehicles in 
air pollutant emissions in cities. During the pan- 
demic, air pollution averages were well below those 
observed routinely and it was possible to notice 
changes in visible air pollution and air quality in large 
urban centers. COVID-19 made the problem of air 
pollution explicit and EVs came as a real alterna- 
tive to pollution mitigation measures. In a way, this 
contrast exposes the possibility of mobilizing public 
managers towards the e-mobility cause. 


Finally, the pandemic reinforced public awareness 
of the importance and the need to prioritize public 
transportation, being considered an essential ser- 
vice in this context. This statement has been sup- 
ported by several specialist institutions in the urban 
mobility sector. 


fleets represent vehicles used for such a purpose, 
including utility vehicles for transporting goods 
(vans, panel vans, Urban Freight Transportation 


Commercial vehicles include trucks, and corporate 


Commercial vehicles 


Vehicles - UF TVs) and passenger vehicles. 


Table 12, below, shows the main COVID-19-relat- 
ed barriers and opportunities for the growth of this 
segment. Next, these aspects will be discussed in 
more detail. 


Table 12. Barriers and opportunities for electric commercial vehicles and for cargo transportation EVs 
created by COVID-19 


TYPES OF 


VEHICLES 


BARRIERS 


e Trucks became more expensive in 
this period due to the depreciation of 
the Brazilian real against the US dollar 


e The lack of enough trucks was 


OPPORTUNITIES 


e An appropriate time for redesigning 
their existing strategies and 
business models 


Trucks 
reinforced during the pandemic er be 
e Possibility of gaining leverage due to 
: F ollution and interest of companies in 
e No lines of credit for EVs for P é 1p 
‘ : reducing their carbon footprint 
cargo transportation nor for its 
related infrastructure 
e New business models may start operating 
e Employees of small and medium-sized 
companies of various sectors and e It is a way to complement routes where 
segments started to work remotely, from buses do not serve or have had their 
home commuting rearranged due to COVID-19 
Corporate eer 
floats e Less people commuting e Ongoing pilot projects revealed 


e Companies and investors saved 
their resources and investments 
in view of the financial difficulties 
imposed by COVID-19 


related opportunities and continued 
to be carried out during the pandemic 


e Data generation in this period 
is an opportunity for mapping and 
assessing scenarios 


Source: Personal collection. 


4.3.1. Barriers 


Considerando as barreiras para os veiculos comer- 
When we consider barriers for commercial vehicles, 
there are some difficulties analogous to those of 
e-buses. The sector that employs this type of vehicle 
was also affected by high dollar rates, which impact- 
ed prospects of e-trucks acquisition. Likewise, the 
economic crisis has slowed down investments in new 
propulsion technologies. 


The pre-COVID-19 barriers were reinforced during 
the pandemic, such as no lines of credit for EVs for 
cargo transportation nor for its related infrastruc- 
ture. In the same way, the lack of enough routes 
served and diversity of vehicles and their compo- 
nents are still an issue, which reinforces the chal- 
lenges for the diffusion of commercial vehicles. 


From the perspective of acquisitions, companies 
that were considering making investments in the 
purchase of electric trucks postponed their invest- 
ments during COVID-19. 


Changing the focus to passenger vehicles for com- 
mercial use, which includes the categories of shar- 
ing, rental and urban mobility services in general, 
more specific barriers can be spotted, such as the 
broad implementation of home office by companies. 
Parallel to that, this sector also had to follow clean- 
ing and disinfecting procedures as well as redesign 
strategies concerning vehicle use. In this sense, we 
noticed the demand on car rentals and sharing plat- 
forms has dipped during the pandemic. 


4.3.2. Opportunities 


As for opportunities, the electrification of com- 
mercial vehicles can count on prospects or ongo- 
ing projects as a means to continuing the process. 
The case of air quality in urban centers made by 


COVID-19 can boost the growth of electric com- 
mercial vehicles in urban areas, since it was con- 
cluded that e-mobility has a positive effect on GHG 
emission and noise pollution. 


As for corporate electric fleets, EV sharing and rent- 
al service, the opportunity now is to seize the mo- 
ment to redesign their existing strategies and busi- 
ness models. The pandemic has created a new way 
of mobility which shall be adopted so that agglom- 
erations are avoided, at least till the population is 
vaccinated. And it is in that sense that, for instance, 
we can see users migrating from public transporta- 
tion modes to those new options of vehicle sharing. 


Users’ profiles and new business models have a more 
advantageous total cost of operation when compared 
to internal combustion options. Opportunities open 
up for corporate electric taxi fleets, for example. 


100% HLETRICO 


At last, in this period of change in consumer spend- 


ing habits and consumer demand, there is an un- 
precedented considerable volume of information 
and sector-specific intelligence produced by the 
pandemic. Such a volume can be very helpful to the 
mapping of new opportunities and evaluation of on- 
going projects in the COVID-19 scenario. 


In this section we will study passenger vehicles for 
private use and road use. Table 13 shows the main 


barriers and opportunities for electric passenger 


Private passenger vehicles 


vehicles growth in Brazil mapped in the COVID-19 
scenario and the impacts thereof. 


Table 13. Barriers and opportunities for electric passenger vehicles created by COVID-19 


TYPES OF 


VEHICLES 


BARRIERS 


OPPORTUNITIES 


EVs 


e Cars became more expensive in this 
period due to the depreciation of the 
Brazilian real against the US dollar 


e The launch of new EV models 
was postponed 


e Sensitivity to investments that were 
automatically postponed in this scenario 


e Consumers reevaluating 
their acquisition plans 


Experts did not spot any 
opportunities for private EVs 


Premium-EVs 


Experts did not spot any barriers 


e Most EV sales will be from this category 


e The value of this product is placed 


(including in a competitive way according to 
hybrids for premium-EVs the Market Consensus Indicator (MCI) 
and plug-ins) and has influenced consumers 
to purchase premium-EVs 
e May be appropriate marketing 
Flex-fuel e Sales were impacted by COVID-19, Silat elce lor aMlomighets 
hybrid snghop ican Sales Was NONGed e Great opportunity for the economic 


recovery of this segment 


Source: Personal collection. 


4.4.1. Barriers 


Based on results obtained in the interviews, the big- 
gest limitation to electric passenger vehicles is their 
high cost. As imports, their price was changed in 
face of the depreciation of the Brazilian real against 
the US dollar, which also impacted other categories 
of EVs, such as Heavy-Duty Vehicles and Heavy-du- 
ty Commercial Vehicles. 


The launch of new EV models was postponed. For 
instance, automakers whose strategies were de- 
signed to sell electrics and plug-in hybrids (PHEVs) in 
Brazil ended up reevaluating their plans and delaying 
their launches. That was the case of the hybrids FCA 
Jeep Renegade and Jeep Compass, whose launches 
were postponed to 2021. 


4.4.2. Opportunities 


In the interviews, experts did not spot any opportu- 
nities for private EVs. However, in the premium-EV 
segment, whose prices are above R$250,000 on av- 
erage, the impacts of COVID-19 are minimal. In fact, 
there were some cases of queues forming for launch- 
es of PHEVs in the premium segment. 


As for Hybrid Electric Vehicles (HEVs), based on the 
interviews, there is an opportunity for expanding the 
production and supply of flex-fuel hybrid models in 
Brazil, and even flex-fuel plug-in hybrids as in the 
pandemic their sales were not affected. On the con- 
trary, the only flex-fuel hybrid model available in the 
market showed consistent growth levels throughout 
2019 in a pre-pandemic scenario, as discussed in 
Chapter 2 of this publication. 


Moreover, combining biofuel engine technologies - 
which run on ethanol - and electric powertrain tech- 
nologies is within Brazilian competency. This integra- 
tion of technologies is a distinct, unique competency 


of Brazil in relation to other countries that have been 
experimenting with EV manufacturing. It is worth 
saying that some plants in Brazil can already meet 
the demand for EVs in the coming years. 


Within the scope of this publication, Ultra Light- 
Duty Vehicles (ULDVs) are e-bikes and e-mopeds, 
although there are other categories, such as electric 
standing scooters, for example. 


Table 14 presents the main barriers and opportu- 
nities for ULDVs growth in Brazil in the COVID-19 
scenario. Next, these aspects will be discussed in 
more detail. 


Micro-mobility: ultra light-duty vehicles 


4.5.1. Barriers 


Based on the interviews carried out, the pros- 
pect is that ULDVs’ prices will rise as an impact of 
COVID-19. As explained previously, during the pan- 
demic there was a depreciation of the Brazilian real 
against the US dollar. That resulted in higher prices 
of ULDVs, since they are mostly imports or so are 
their components (such as batteries) to be used in 
local assembly operations. 


Higher prices reinforce another barrier that already 
existed in the pre-COVID-19 scenario: EVs are more 
expensive when compared to their non-electrified 
peers. In addition, the losses on investments in new 
businesses affect the category, and also affect the 


Table 14. Barriers and opportunities for micro-mobility created by COVID-19 


BARRIERS OPPORTUNITIES 


e EVs are more expensive when compared 
to their non-electrified peers 


e ULDVs’ prices will rise as an impact of 
the depreciation of the Brazilian real 
against the US dollar during the pandemic 


e Losses on investments in new businesses 
affect the category 


e Not many models (of mopeds) are offered 
by traditional and well-established automakers 


e ULDVs, which are usually one-seater vehicles, 
help avoid agglomeration of people 


e Consistent actions towards upgrading 
and reinventing roads for ULDVs 


e Delivery services in cities increased 
during COVID-19 


e Several incentives for ULDVs use and 
more infrastructure due to the pandemic 


e Mix of opportunities, as ULDVs 
are considered cheaper solutions 


Source: Personal collection. 


expansion of supply of those models in Brazil or 


even the prospecting for new business models. Such 
a scenario of insecurity and freezing of economic re- 
sources will only aggravate the situation. 


4.5.2. Opportunities 


When it comes to opportunities, ULDVs, which are 
usually one-seater vehicles, do not help avoid ag- 
glomeration of people as long as users comply with 
minimum distance guidelines; hence, ULDVs came 
as part of the so-called new normal in 2020. 


In fact, people who needed to commute started re- 
alizing that they could do so by bike, for example. 
That brought about an increase in conventional bi- 
cycle sales and there is enough room in the market 
for e-bikes, especially in cities with hills. 


Therefore, we noticed those opportunities are linked 
to new spending habits which can attract new users 
from other categories, such as public transportation 
users. E-bikes are an alternative for short trips as 
opposed to public transportation - and that is moti- 
vated by fear of Coronavirus contamination. E-bikes 
can even bite off a portion of the small-motorcycles 
sales market. 


This way, consistent actions towards upgrading and 
reinventing roads for those alternatives have been 
happening both nationally and internationally. For- 
eign examples are Belgium, the Netherlands and 
Germany expanded cycle lanes and areas for mi- 
cro-mobility; in Brazil, the examples are from the 
cities of Porto Alegre, Sao Paulo and Curitiba. 


Still, as for the logistics of the last mile delivery, de- 
livery services in cities increased during COVID-19. 
E-micromobility has become a timely strategy, as it 
meets delivery parameters established, and whose 
e-bikes are the most common choice. 


Chapter 4 aimed to present the impacts of COVID-19 
on the evolution of e-mobility in Brazil in 2020. The 
information was collected and analyzed, then studied 
according to its corresponding modes - Heavy-Duty 
Vehicles and Heavy-duty Commercial Vehicles, pas- 
senger vehicles and micro-mobility. This is a non-ex- 
haustive study, since it was based on interviews from 
a limited set of specialists in the sector. 


This Annual Report showed us some developments 
disguised as barriers and opportunities for e-mo- 
bility technologies in Brazil. We can take those 
barriers and opportunities as points that actors of 
the transportation sector, which is facing countless 
uncertainties during and after COVID-19, should 
pay attention to when planning their strategies 
and actions. 


As for electric public transportation, according to 
the interviews with the specialists, a negative ef- 
fect of COVID-19 was a decline in the number of 
daily passengers, and consequently, daily fare loss- 
es and reduction in pay of employees. There was 
also an increase of operating expenses for public 
transportation operators, who had to follow clean- 
ing and disinfecting procedures of buses because 
of the pandemic. 


The set of elements presented previously - drop 
in demand due to COVID-19, financial fragility of 
private operators, public policies being paralyzed, 
postponed or suspended, systems based on daily 
fare collection suffering losses and currency vola- 
tility challenges to acquisition of imported goods 
- create, as a whole, a great pressure for the in- 
troduction of e-buses to be stopped, rethought and 
invariably postponed. 


Conclusions 


However, in this scenario of challenges, opportu- 
nities were revealed. The dramatic drop in public 
transit usage during COVID-19 can be interpreted 
as an appropriate time for this system and its oper- 
ation to be rethought and alternatives discussed. In 
short, this ecosystem can be more sophisticated if 
we consider contemporary business models. 


When it comes to commercial vehicles and cargo 
transportation vehicles, the sector that employs 
this type of vehicle was also affected by high dollar 
rates, which impacted prospects of e-trucks acquisi- 
tion. Likewise, the economic crisis has slowed down 
investments in new propulsion technologies. As for 
opportunities, the electrification of commercial ve- 
hicles can count on prospects or ongoing projects as 
a means to continuing the process. As for corporate 
electric fleets, EV sharing and rental service, the 
opportunity now is to seize the moment to redesign 
their existing strategies and business models. 


The biggest limitation to electric passenger vehicles 
is their high cost. Their price was changed in face of 
the depreciation of the Brazilian real against the US 
dollar. As for Hybrid Electric Vehicles (HEVs), there 
is an opportunity for expanding the production and 
supply of flex-fuel hybrid models in Brazil, and even 
flex-fuel plug-in hybrids as in the pandemic their 
sales were not affected, contrary to similar models 
of internal combustion. 


Finally, on micro-mobility, the prospect is that ULD- 
Vs’ prices will rise as an impact of COVID-19. In ad- 
dition, the losses on investments in new businesses 
affect the category, and also affect the expansion of 
supply of those models in Brazil or even the pros- 
pecting for new business models. When it comes to 


opportunities, ULDVs, which are usually one-seat- 


er vehicles, help avoid agglomeration of people. In 
fact, people who needed to commute started re- 
alizing that they could do so by bike, for example. 
Therefore, we noticed those opportunities are linked 
to new spending habits which can, for instance, at- 
tract new users from other categories, such as public 
transportation users migrating to micro-mobility. 


And beyond COVID-19? What types of market 
trends can be spotted for the coming years? How 
can we estimate numbers that electrification may 
reach within the 2030 time horizon? We will ad- 
dress this topic in Chapter 5, which provides insights 
into a vision of the future for e-mobility in Brazil. 
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Introduction 


What should we expect for the e-mobility market 
landscape in Brazil through 2030? How do the ef- 
fects of COVID-19 pandemic impact e-mobility 
market growth? What are the perspectives and fore- 
casts in that regard? 


One of the biggest challenges to e-mobility in Brazil 
is the gap between its vision of the future and the 
current reality. Such vision concerns the e-mobility 
market behavior for the coming years and its evo- 
lution in face of business volumes and the develop- 
ment of related technologies. 


To a great extent, that challenge is posed by the 
intrinsic difficulty of having converging expectations 
and visions of various experts, stakeholders and 
decision-makers that influence and work on e-mo- 
bility in Brazil. 


Without the vision of the future, choosing a route/ 
strategies necessary for the planning of the sec- 
tor becomes such an arduous task and, when it 
comes to local supply chains, we must anticipate 
how those will be impacted and what types of in- 
vestments and actions will be required given the 
future transformations. 


It is in this blurred context that Chapter 5 aims to fill 
those gaps to some extent by drawing up essays and 
generating debate on possible market scenarios for 
e-mobility in Brazil in the 2030 time horizon from a 
multimodal choice model perspective. 


The reason for constructing such scenarios lies in 
the need to establish a more clear horizon for the 
adoption and expansion of e-mobility in Brazil in 
the coming years. In addition, the idea of outlining 
said vision of the future for the Brazilian context has 


already been engendered in other occasions, as in 
meetings of GT7, a group formed to design the ac- 
tions for the Route 2030 program, and, in parallel, 
in other studies. By addressing said topic in this pub- 
lication we aim to interpret and better understand 
how Brazil will take part in this new automotive jour- 
ney that has been going on in other countries, as 
discussed in Chapter 1. 


In order to better organize our content, we present 
proposals of scenarios arranged into categories of 
technological applications for e-mobility, in which 
the electric propulsion system (EPS) is their common 
element. Said categories were divided as follows: (1) 
Public transportation (e-buses); (2) Commercial ve- 
hicles; (8) Passenger Light-Duty Vehicles: electric 
vehicles and hybrids; (4) Recharging infrastructure, 
and finally, (5) Micro-mobility. 


On a methodological approach, for each of the cat- 
egories previously mentioned three types of curve 
patterns were defined, each having their own pre- 
rogatives and conditioning factors that shape and 
impact their flows. Thus, all the scenarios presented 
will have the following elements as their backdrop 
and panorama: 


a) Conservative scenario 
The economic situation in this scenario is 
of unfavorable conditions, such as those 
brought by the impacts of COVID-19 for 
the 2020 time horizon as well as the 2030. 
In this case, we understand that neither 
incentive policies nor targeted regulatory 
instruments will be implemented for EVs, 
much less any type of new devices 
to promote/finance the acquisition and 
manufacturing of those technologies. 


b) Moderate scenario 
In this scenario, public policies and incentive 
instruments for e-mobility are stagnant, just 
like in the conservative scenario. However, 
economic recovery is expected to gain greater 
traction, which reveals strategies similar to 
those adopted in 2010-2020. As a direct result, 
in this scenario there is leverage of income 
as well as growth of internal demand for the 
coming years, new investment cycles from 
private actors are also expected. Regarding 
this last point, exploring new business models 
for e-mobility means making investments 
which concern the perspective of sustainable 
businesses and are linked to the post- 
COVID-19 economic recovery and the green 
transition approach, for example. 


c) Aggressive scenario 
In this scenario, the economic conditions 
are favorable in view of the growth of 
national income and the country’s economic 
growth in general. In addition to this positive 
economics, public policies and incentive 
instruments for e-mobility are expected to be 
formulated and will be aimed at promoting 
EV technology in the market as well as 
promoting its purchase with more competitive 
prices; in regards to its supply, by strengthening 
entrepreneurial activities and also activities 
of the supply chain in Brazil. 


In order to support those scenarios, our sources of in- 
formation were interviews carried out with more than 
twenty specialists from different e-mobility spheres 
of operation and segments. This data collection went 
through a posteriori non-individualized control pro- 
cess of information on an analysis and processing of 
the sets of samples upon grouping data. 


Therefore, it is worth stressing that the scenarios 
presented in this publication do not represent the 
opinion of any particular institution or individual ac- 


tor, nor even does it represent the view of any state 


actor or interest groups. This is an uncharacterized 
compilation and selection that presents reflections 
and essays about potential development pathways 
that e-mobility may follow in Brazil. 


Firstly, the category of e-buses was studied and the 
forecast of its fleet growth is shown in Figure 23. 


For public transportation, three scenarios were 
considered (conservative, moderate and aggres- 
sive scenario). 


In the conservative scenario, the e-bus fleet is poised 
for a modest increase, which is projected to be from 
114 battery e-buses to nearly 200 units by 2023 
and its double by 2025, which means a forecast of 
400 e-buses. In said scenario, we expect to have 
1,000 e-buses running by 2030. 


The moderate scenario goes in the same direction, 
but with a more positive slope regarding its curve 
behavior. Again, we notice the e-bus fleet will expe- 
rience a small increase by 2025, which will account 
for 200 e-buses by 2023 and 900 units by 2025. In 
2030 the increase is more substantial, it is 4 times 
bigger than in 2025 and accounts for 3,925 e-buses. 


At last, the aggressive scenario takes a different di- 
rection, since a bigger increase starts in 2023 (not 
only in 2025, as in the moderate and conservative 
curves), its absolute percentage growth is expected 
to be bigger likewise. In this scenario, we forecast 
1,500 e-buses running by 2023, which will rise to 
10,000 by 2025 and, finally, 18,000 by 2030. 


In general, according to specialists, the e-bus fleet 
will grow during the 2020-30 time horizon. Howev- 
er, for the more conservative and moderate curves, 
a correlation with the impacts of COVID-19 can be 
seen, as previously discussed and analyzed in Chap- 
ter 4. Due to COVID-19, we noticed the postponing 
of agreements and resolutions for EV fleet transi- 


Public transportation: e-buses 


tion as well as investments in new alternative pro- 
pulsion systems. And in this case, the curves reflect 
that data, they start to grow only from 2025. Such 
a difference impacts the aggressive scenario more 
hardly, since it bets on e-bus fleet growth from 2023 
and over the following years. 


Figure 23. forecast of e-buses fleet growth by scenario (2020-2030) 


Conservative @Moderate @Aggressive 
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Figure 24 shows commercial vehicles (light, medium 
and heavy-duty) through numbers that show fleet 
within the 2030 time horizon. 


With a different behavior from the panorama pre- 
sented by the e-buses, in the case of commercial 
vehicles, three clearly different scenarios were built. 


From the conservative point of view, e-commercial 
vehicles are practically absent in the national urban 
logistics system and road transportation system. Ap- 
proximately 500 trucks are estimated by 2030, re- 
vealing a modest and punctual increase, restricted 
to a few cases, only. 


As for the moderate scenario, we aim for a more 
consistent trajectory. In this case, considering that 
there are approximately 120 units in 2020, 1,500 
units are expected by 2023, and 5,000 by 2025. The 
target is 10,624 vehicles by 2030. 


The belief in the technological diffusion of this 
category is in forecast for the aggressive scenario. 
In this scenario, our forecast is optimistic: 3,000 
units are expected by 2023, which will increase to 
10,000 by 2025 and 20,000 by 2030, which ac- 
counts for twice the number of units expected for 
the moderate scenario. 


Based on the data collected, two perspectives for 
the case of e-commercial vehicles are thus appar- 
ent. The first, represented by the conservative sce- 
nario, that there will be no significant penetration of 
e-commercial vehicles in the market. Factors such 
as high acquisition costs, or TCO (Total Cost of 
Ownership) and the constraints of battery autono- 
my, as well as the requirement of Total Gross Weight 


Commercial vehicles 


(which reveals scarcity of options and models of EV 
technologies in the country) interfere with e-com- 
mercial vehicles fleet growth in this skeptical diagno- 
sis presented hereby. In addition, we must mention 
a background of economic difficulties and lack of in- 
centives for the conservative scenario. 


On the other hand, when it comes to the moderate 
and aggressive scenarios, we believe in an optimistic 
forecast of growth for this segment. In this scenar- 
io, challenges such as TCO, battery autonomy and 
gross weight will be faced and e-commercial vehicles 
will have their space in logistics and in other cargo 
contexts, with greater market penetration in the ag- 
gressive scenario. 


Figure 24. Forecast of commercial vehicle fleet growth by scenario (2020-2030) 


Conservative @Moderate @Aggressive 
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As for passenger vehicles, they are categorized ac- 
cording to their different possibilities of recharging: 
Battery Electric Vehicles (BEVs) and Plug-In Hybrid 
Electric Vehicles (PHEVs) whose supply model re- 
gards getting electricity from the grid and Hybrid 
Electric Vehicle (HEVs) which cannot plug into the 
grid to recharge and run on liquid fuels mostly. 


It should be noted that the fleet growth was refer- 
enced by participation rates (%) in new vehicles sales 
per year. Figure 25 shows its forecast. 


In general, when it comes to passenger vehicles, we 
can see convergences and discrepancies among the 
different scenarios studied and among the types of 
electric propulsion system considered. 


In the conservative scenario, there will be no signif- 
icant penetration of BEVs and HEVs in the national 
market within the 2030 time horizon. We predict a 
modest penetration of 0.50% by HEVs and 0.10% by 
BEVs by 2030. In fact, for both cases, electric and 
hybrid vehicles would be considered part of a niche 
market of consumers who are technology enthusi- 
asts of electrification, for example. 


As for the moderate scenario, a greater diffusion of 
HEVs followed by BEVs is noticeable, accounting for 
5% and 3% of sales in 2030, respectively. This slight 
positive difference of 2% in HEVs sales refers to the 
greater attractiveness of such a technological solu- 
tion for the Brazilian context in view of its close con- 
nection with hybrid propulsion systems that include 
biofuels, as described and analyzed throughout this 
Annual Report. 


Passenger Light-Duty Vehicles: 
electric vehicles and hybrids 


However, when observing the aggressive scenario, 
we see a contrasting behavior between the BEVs 
and HEVs curves, different from the conservative 
and moderate cases previously analyzed. 


As for HEVs, there is a more significant growth be- 
tween 2020 and 2023, which accounts for 5% of the 
vehicle fleet. This growth continues at a similar rate 
between 2023 and 2025, reaching 8% of the vehicle 
fleet. By 2030, the leverage expected is 15% of the 
market. 


On the other hand, when it comes to BEVs and 
PHEVs, the aggressive scenario shows low growth 
rates between 2020 and 2025, representing 5% of 
new vehicle sales. It will be between 2025 and 2030 
that this segment will experience greater expansion, 
rising from 5% in 2025, to 20% in 2030. The hy- 
pothesis for such growth is based on the technolog- 
ical advancement of batteries and their large-scale 
production, which will result in better autonomy for 
EVs and also more competitive options as for acqui- 
sition cost, respectively. 


Figure 25. Forecast of BEVs and HEVs share (%) in new passenger vehicles sales by scenario (2020-2030) 


Conservative @Moderate @Aggressive 


16% 


12% 


8% 


4% 


HYBRID ELECTRIC VEHICLES (HEVS) 


0% 


20% 


16% 


12% 


8% 


4% 


0% 


BATTERY ELECTRIC VEHICLES (BEVS) AND 
PLUG-IN HYBRID ELECTRIC VEHICLES (PHEVS) 


2020 2023 2025 2030 


Source: Personal collection. 


We hereby address the recharging infrastructure for 
electric passenger vehicles only (charging infrastructure 
for buses and trucks are beyond the scope of this report, 
as their technical standards and norms for allocation 
are different from passenger vehicles’, which prevents 
us from doing sample agglutination in this analysis). 


Recharging infrastructure refers to any external equip- 
ment aimed at supplying energy to charge EV bat- 
teries. Charging stations include EV charging cords, 
charge stands (residential or public), attachment 
plugs, vehicle connectors and protection hardware to 
ensure a safe and secure operation. Further definitions 
of terms and concepts can be found at the end of this 
publication (see Glossary). 


As a methodological decision, no distinctions will be 
made regarding charging speeds (slow chargers, fast 
chargers and rapid chargers). In addition, private 
chargers for residential use are disregarded from these 
forecasts (given that practically every EV has its own 
charger for home charging). The focus of this analy- 
sis is on recharging infrastructure in cities (in public 
and private areas), as well as in highways and strategic 
transportation corridors. 


As for infrastructure, the conservative scenario shows 
poor penetration of this equipment in the national sys- 
tem, since approximately 1,500 charging stations will 
be built in 2030, which is approximately three times 
more than in the year 2020. 


The moderate scenario also shows the same poor pen- 
etration of charging stations until 2025, from that on 
the number of stations will increase till 2030, reach- 
ing nearly 31,000 units around the country, a rise 10 
times bigger than 2025. 


Recharging infrastructure 


At last, the aggressive scenario reveals significant 
growth rates until 2025, the number of charging 
stations is expected to approach 35,000. Such 
growth is projected to be stronger between 2025 
and 2030, assuming a steep to nearly 100,000 
stations by 2030. 


Figure 26. Forecast of recharging infrastructure deployment by scenario (2020-2030) 
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Micro-mobility 


Lastly, we will address micro-mobility, also Known as 
ultra light-duty vehicles. Our study will encompass 
e-mopeds and e-bikes. Ina complementary manner, 
fat tire electric scooters, more specifically, CityCoco 
models will also be addressed (see Figure 27), since 
its sales saw a steady increase in the 2017-2019 
triennium. As mentioned earlier, electric standing 
scooters will not be analyzed in this Annual Report. 


Figure 28 shows projections for the above-men- 
tioned categories regarding fleet growth over the 
2020-2030 period. 

The outlook of micro-mobility will, in general, experi- 


ence growth of all its categories in the coming years. 


Figure 27. CityCoco electric scooter 


Divulgagao/CityCoco 


With regard to CityCoco, this category has been 
growing, as presented in Chapter 2, and will contin- 
ue to expand and reach approximately 120,000 units 
sold by 2030. 


As for e-mopeds, a more significant increase can be 
observed from 2025 on, with 65,000 units and in- 
creasing to 125,000 by 2030. The forecast on this 
category is that its acquisition costs will decline and 
become more competitive in mid-2025 as batter- 
ies will be produced in large-scale and will be more 
efficient, resulting in better autonomy for EVs. It 
is worth mentioning that improvements in the ex- 
change rate imbalance between the Brazilian real 
and the US dollar are essential to leverage the ac- 
quisition of e-mopeds and their components. 


Finally, e-bikes are also poised for growth in the years 
analyzed (2023, 2025 and 2030). When it comes to 
acquisition costs, the scenario is more optimistic for 
this segment, as their prices are lower than other 
micro-mobility devices’. In addition, e-bikes have the 
advantages of being within the usage parameters for 
urban mobility, as in the urban context e-bikes can 
ride on cycle lanes, for instance. Besides, e-bikes 
favor the flow of people and support individual mo- 
bility, and that goes beyond leisure activities and is 
also a solution for the daily commute, for example. 


Figure 28. Forecast of micro-mobility fleet growth by categories (2020-2030). 
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Conclusions 


In short, creating projections and forecasts for the 
post-COVID-19 scenario in the 2020-30 time hori- 
zon is surely a challenging task. 


In view of various uncertainties, we must take many 
factors into account, such as the stabilization of the 
health care scenario, changes in the political agenda 
and expectations concerning the exchange rate to 
name a few. 


It can be assumed that for all the 
modes of transportation studied in 
this chapter, the market evolution 
will potentially happen in the lines 
of both the conservative and the 
moderate scenarios, whose center 
of gravity will be mainly focused 
on the conservative scenario. 


However, it is evident that the recovery scenario up 
until 2023 brings with it the large set of uncertain- 
ties that we are now experiencing, since treatment 
and/or vaccine-related solutions are expected to be 
achieved by 2023 or earlier, indicating that from that 
point on the global context and, in particular, Brazil, 
will have new perspectives - probably positive ones - 
about the economic situation. 


By the same logic, we expect that as of 2025, the 
modes of transportation addressed will largely be 
represented by the moderate scenario, with the ex- 
ception of e-buses, whose market growth will be in 
the lines of the moderate and the aggressive scenar- 


ios depending on cities’ climate policies and mitiga- 
tion strategies for reducing air pollution. 


It is expected that during the 2025-2030 period, 
even with the market growth adhering to the mod- 
erate scenario, there will be no demand to sustain 
local production of some modes of transportation, 
such as passenger Light-Duty Vehicles and Light 
Commercial Vehicles. Therefore, that indicates that 
exchange rate stabilization is imperative in order 
to mitigate disadvantages of fluctuating acquisition 
costs of EVs. As a positive effect, technological ad- 
vancement of batteries and their large-scale produc- 
tion are expected, which is an important attribute 
in the adoption of EVs and its consequent market 
growth. In addition to that, new business models 
that treat e-mobility as an enabling technology and 
that believe in digitalization and connectivity in cities 
are emerging. 
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Introduction 


Chapter 6 aims to describe and analyze initiatives 
involved in governance and in the orchestration of 
some actors presented in this Annual Report who 
work in the promotion of e-mobility in Brazil. This 
chapter is mainly based on acknowledging the im- 
portance of building catalytic linkages between ac- 
tors so as to design strategies which, for instance, 
have positively impacted experiences such as those 
of the United States, the European Union and China. 


From studying those examples, we concluded that 
networking makes information exchange more dy- 
namic and tends to contribute greatly to learning 
activities and training courses of competencies in 
e-mobility. In such cases, we can see the orches- 
tration in the e-mobility sector for technology de- 
velopment, its adoption and manufacturing, which 
will guide actors through paths to be taken in this 
new journey. 


Hence, we will describe and analyze the type of 
emerging instances of orchestration at the national 
level so as to formulate some future perspectives 
for the country. The arguments used to support the 
data hereby presented are anchored in the inter- 
views carried out with the main collectives involved 
in the subject of e-mobility. 


The collectives are as follows: 


e The National Platform for Electric Mobility (PNME) 


e The Brazilian Association of Electric Vehicle (ABVE) 


e Zero Emission Bus Rapid-deployment 
Accelerator (ZEBRA) 


e SAE EVs and Hybrids Technical Committee 


@ Research Development Foundation (FUNDEP) 


e Electromobility Program by the Brazilian 
Development Bank (BNDES) 


e The National Energy Agency (ANEEL) 


Each of those collectives have been playing a major 
role in regard to initiatives that promote coopera- 
tion and collaboration of actors in Brazil and devote 
efforts to the governance in favor of better coordi- 
nated actions. 


Additionally, we collected information from second- 
ary sources and references available on websites 
and documents provided by those institutions. 


Hence, we will present these governance initia- 
tives, which, even under construction, have already 
shown concrete results and significant advances in 
the e-mobility field. 


Launched in February 2020, the National Platform 
for Electric Mobility (PNME) aims to work as an in- 
strument of collaboration and interaction between 
actors of the government, market, institutes of sci- 
ence and technology (ISTs) and civil society organi- 
zations by coordinating their actions in favor of di- 
recting and shaping the roadmap for the realization 
of the objectives and action agendas for the e-mo- 
bility in Brazil. 


With specific objectives, the action plan proposed that 
the national strategy for e-mobility takes into account: 


a) The promotion and induction of its market; 


Figure 29. PNME’s governance framework structure 
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b) The densification of the insertion of local 
producers in the market; 


c) the proposition of instruments of public policy 
and regulation; 


d) the creation of competences in research and 
development (R&D) in Brazil by building a space 
of generation, dissemination of knowledge and 
sharing of learning to all participating fronts and 
to society in general. 


Both general and specific objectives of the Platform 
were defined by organizing dynamics to be directed 
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Source: PNME, 2020 


Since the beginning, more than a dozen well-structured, 
well-planned meetings with the Platform’s members were 
conducted, which stimulated wide-ranging multi-stakeholder 
discussions. In fact, PNME’s meetings are currently 

one of the main events for discussing e-mobility in Brazil. 


during the collaborative planning process of the 
Platform, which resulted in concrete objectives. 


For more information about the Platform’s method- 
ological process of creation, see Appendix 1. 


Next, we will address some elements in more de- 
tails, such as the outcomes and actors involved in 
the Platform. 


6.2.1. Actors and their competencies 


The Steering Committee is responsible for the 
leadership and strategic planning of the platform, 
for discussing members’ demands and topics to be 
prioritized and directed towards reaching concrete 
solutions. 


The Committee is composed of 14 institutions, 
each representing a collective of actors. Current- 
ly, the Committee is formed by: the Ministry of the 
Economy (ME), the Ministry of Science, Technology, 
Innovation and Communications (MCTIC), the Min- 
istry of Regional Development (MRD), the Brazilian 
Development Bank (BNDES), the Energy Research 
Office (EPE), the National Energy Agency (ANEEL), 
the Brazilian Agency for Industrial Development 
(ABDI), the National Forum of Secretaries and Di- 
rectors of Urban Mobility, the International Coun- 
cil on Clean Transportation (ICCT), the World Re- 
sources Institute (WRI), the National Association of 


Brazilian Auto Parts manufacturers (Sindipegas), the 
Association of Innovative Electric Vehicle Owners 
(ABRAVEi), the Federation of Industries of the State 
of Sdo Paulo (FIESP) and the Brazilian Association 
of Electric Vehicle (ABVE). 


The Secretariat, in turn, is responsible for the man- 
agement of the platform and organization of its ac- 
tivities. The secretariat is composed of institutions 
that are not subordinate agencies to the govern- 
ment, industry or academia, so that neutral oper- 
ations and transparency are guaranteed: currently, 
the Brazil-Germany joint action on sustainable de- 
velopment in cooperation with the Deutsche Ge- 
sellschaft fur Internationale Zusammenarbeit (GIZ) 
GmbH and the Institute for Climate and Society 
(ICS) is a partnership which brings capacities and 
competencies together so as to guarantee the oper- 
ation of the Platform (PNME, 2020). 


The PNME can also count on commissions for spe- 
cific topics. Currently, the Science and Technolo- 
gy Commission (CST) is composed of important 
names in e-mobility research in Brazil and it advises 
the Steering Committee technically, so as to ensure 
the alignment of PNME’s Research and Develop- 
ment efforts. 


The Platform also has Working Groups (WGs). By 
mobilizing relevant actors, members of the WGs fo- 
cus on more specific topics, and work on delivering 
products that contribute to the advancement of the 
sector in Brazil. 


Figure 30. PNME’s Steering Committee 
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The first WG works on issues concerning the electrifi- 


cation of urban transportation and seeks, among oth- 
er things, to propose a common agenda to the main 
municipalities which are carrying out pilot projects in 
the country. The second WG - the Professional Train- 
ing WG - is dedicated to the creation of courses and 
subjects that embrace the training of professionals for 
e-mobility in both undergraduate and graduate levels. 


One of the Platform’s great strengths is the diversity 
of its stakeholders. Various sectors and actors are 
thereby represented. Another great strength is its 
Secretariat, with its unique skills and know-how on 
structuring and monitoring of actions and projects, 
and its own set of instruments and methodologies. 


6.2.2. Next steps: 
the upcoming launch of 
the The National Action Plan 
for Electric Mobility 


The members of the Platform are actively interested 
in carrying on with the development of the Nation- 
al Action Plan for Electric Mobility, which has been 
preliminarily discussed and outlined in meetings of 
the GT7 - Route 2030 program. It is certain that 
Brazil cannot leave its National Action Plan out and 
so the PNME is ready to stage those discussions for 
the development of the Plan. 


ABVE joined the movement as a catalyzer of de- 
mands and of cooperation and collaboration pro- 
cesses within and between different branches of eco- 
nomic EV-related activities, and so its role involves 
taking those demands forward to decision-makers 
of different functions of the State - Executive and 
Legislative, in order to advocate for the development 
and use of electric vehicles (EVs) in the country. 


It is a priority in ABVE’s mission to work for the cre- 
ation and consolidation of a Federal Policy for E-mo- 
bility by partnering with the National Platform for 
E-mobility and improving its relations with the Fed- 
eral Government. Internally, ABVE aims to strength- 
en and expand its representativeness by enlarging its 
associate base and field of work. For instance, due 


The Brazilian Association of Electric Vehicle 


The end point of ABVE’s work is to promote the de- 
velopment of the National Action Plan for Electric 
Mobility, supported by a long-term program that fos- 
ters collaboration with different decision-makers (in 
local, state and federal governments) as well as with 
branches of economic EV-related activities in Brazil. 


ABVE stands out because it is the only association of 
its kind in Brazil that represents the EV supply chain 
as a whole. Small and large companies, domestic and 
transnational corporations, local business and im- 
porters are all among ABVE’'s associates; which com- 
prises e-bike small-businesses as well as large electric 
power generation and electricity distribution compa- 
nies, it also embraces the main car companies and 
heavy-duty vehicles manufacturers in the market. 


ABVE's mission is “to foster the wide use of EVs in Brazil 
so that people and goods transportation become more efficient, 
benefitting the population well-being, the environment, 


and its associates as a whole.” 


to COVID-19, ABVE has recently created a specific 
department for Urban Mobility whose purpose is to 
promote debates and formulate policies on the inte- 
gration of different electric modes of transportation 
to be implemented in post-pandemic metropolises 
around the country. 


ABVE's objectives also include (1) the creation of 
a specific department to support and provide a 
welcoming environment for start-ups and (2) the 
creation of a department that brings together pros- 
pecting clients and rare earths companies as well as 
metal and mining EV-related businesses. 


Moreover, as previously mentioned, ABVE aims to 
expand its representative participation by incorporat- 
ing Urban Mobility consultancy and research firms, 
start-ups and prospecting clients and metal and min- 
ing EV-related businesses to its associate base. 


ABVE is composed by a rich diversity of associates 
who work collaboratively towards a common goal: 
creating a robust business ecosystem for e-mobility 
in Brazil for their own benefit of developing their 
companies and industries as well as for generating 
new jobs, improving health and the quality of life of 
the population in Brazilian cities. 


Table 15. ABVE's strategic actions by categories. 


Category Summary of the strategic actions 


Heavy- 
Duty 
Vehicles 


Light-Duty 
Vehicles 


New 
environmental 
legislation for 
public transport 
in the city of 
Sado Paulo 


Working group 
for Route 2030 
Program 

and GT-7 


Direct and systematic action by ABVE in partnership with the Sao Paulo 
City Hall, the Sao Paulo City Council, the Public Prosecutor’s Office, 
environmental organizations, companies, consultancy firms, etc. 

The result was the enactment of Law 16,802/2018, the most advanced 
environmental legislation on public transportation in Brazil which 

is a reference for other large Brazilian cities, as well as a new bidding 
process based on the environmental goals of the new law. 


For a year and a half this group worked intensively, composed of 
different representatives of companies associated with ABVE it shaped 
the new Brazilian automotive industry regime. Such work helped 

to establish important concepts for the Route 2030 program, 

such as energy efficiency and reduction of air pollutants emissions, 

in addition to tax benefits on EVs. 


In parallel, ABVE’s participation in debates of Route 2030 also 
contributed to the creation of the GT7, a specific working group 
on e-mobility created within the Ministry of Development, Industry 
and Foreign Trade (MDIC) to discuss strategies for Brazil which 
engaged qualified technicians from the Federal Government, 
companies and business associations. 


Ultra 
Light-Duty 
Vehicles 


ABNT, GT7 
and Denatran 


ABVE directly acted through GT7 in the creation of a subgroup 
of ultra light-duty vehicles, highlighting its importance in the debate 
agenda for the development of the national strategy 


This action involved the creation of a specific working group to 
formulate regulations on ultra light-duty vehicles by the Brazilian 
Association of Technical Standards (ABNT-CB 0065 Brazilian 
Automotive Committee - Bikes, Mopeds and Scooters), under 
the coordination of an ABVE director. 


Cooperation between the National Traffic Department of Brazil 
(DENATRAN) and the National Congress, in which the concrete 
proposals of regulatory standards for ultra light-duty vehicles 
(Categories L1 to L7) were presented. 


There are also actions to remedy the current regulatory gap on ULDVs 
in federal legislation, the aim is to modernize and align the Brazilian 
legal framework to that in force in the European Union and the US. 


Source: Personal collection based on interviews conducted by Fabiana Dias. 


6.3.1. ABVE in action 


From 2006 to 2017, ABVE focused on promoting 
e-mobility events and developed pioneering actions, 
such as the “Electric Vehicle Technology Expo” and 
the “EV Convoy Trips: Making Way for E-mobility”. 
Those initiatives helped to spread the word and pro- 
mote e-mobility in society. As for businesses, it was 
a period for them to introduce their products and 
assess economic capillarity and market readiness 
for the manufacturing and distribution of different 
EV modes. 


In 2017, ABVE gradually shifted the focus of its 
actions onto advocating for the cause, aiming to 
create a regulatory support base for the e-mobility 
business environment in Brazil. Many strategic ac- 
tions were adopted, as presented in Table 15. 


6.3.2. E-mobility in Brazil: value 
creation and outcomes 


Creating value involves establishing a stable rela- 
tionship between e-mobility, comfort and safety for 
users of public and private transportation modes, 
quality of life in cities, attention to environmental 
degradation and respect of the environment. Cre- 
ation of value derives from activities carried out in 
three big areas, as follows: 


e The average citizen, transportation user and 
individual consumer, by participating in fairs, 
events, debates, expos and EV convoy trips; 


e The government and decision-makers, by 
performing actions that foster the creation of a 
legal and regulatory environment of e-mobility in 
the three levels of government; 


e The press and medial, by showing ABVE and 
its associates’ actions on the traditional media, 


TV, radio, blogs and social media, aiming 
to strengthen the e-mobility agenda and its 
importance with the general public. 


Some of the outcomes achieved 


The main outcome produced by the set of actions 
described above was a stronger agenda for e-mo- 
bility in Brazil. We can affirm that over the last years 
the clean and sustainable urban mobility agenda has 
had a role in business segments that are involved in 
the fossil fuel paradigm nevertheless; the agenda 
has also been breaking down the skepticism of au- 
thorities and politicians as well as reducing consum- 
ers and users uncertainties over new low-emission 
transportation modes. 


To the associates, the following achieved outcomes 
are as follows: 


1. Creation of and access to information quality 
2. Practice of legitimate advocacy 

3. More visibility to “best practices” 

4. Networking and business matchmaking 


6.3.3. ABVE’s Framework 


ABVE is currently composed of six working groups 
that represent the e-mobility supply chain in Brazil, 
as follows: 


e@ Heavy-Duty Vehicles; 

e Light- Duty Vehicles; 

e Ultra Light-Duty Vehicles; 
e Components; 

e Infrastructure; 

e Urban Mobility. 


Each of those groups is formed by representatives of 
the associated companies, which make major strategic 


decisions and, occasionally, spare part of their opera- 


tional structure where some of the Association’s proj- 
ects can be carried out. 


Those six working groups are composed of 53 as- 
sociates from varied segments, as follows: the au- 
tomakers and auto parts manufacturers/system 
administrators’, the recharging infrastructure, the 
mobility service providers’, the technology compa- 
nies’, the highway concessionaires/developers and 
operators of private toll roads’, the metro-railway 
companies’, and start-ups. 


As for business operations, a financial adviser ad- 
ministrator and an institutional relations and com- 
munications advisor are also part of the team. 


6.3.4. Collaboration and 
cooperation of actors 
and network building 


Since 2017 ABVE has been working with political 
leaders of Sado Paulo, Campinas, Sorocaba, Indaia- 
tuba and others. Said work is focused on public 
transportation issues and tax benefits on EVs, inte- 
gration of transportation modes and the creation of 
the Green Urban Mobility Zones (GUM Zones). 


In 2018 and 2019 ABVE partnered with state gov- 
ernments of the following states: Sao Paulo (the 
Governor’s Office, the Metropolitan Company of 
Urban Transport in Sdo Paulo - EMTU/SP and the 
State of SAo Paulo Environmental Company), Bahia 
(Secretariat of Economic Development - SDE) and 
Parana (the Staff Office). During said period, ABVE 
focused on working on tax benefits on EVs (the 
Auto-motor Vehicles Property Tax - IPVA and the 
Value-added Tax on the Circulation of Goods and 
Services - ICMS), electric public transportation and 
projects on the construction of charging infrastruc- 
ture in state roads. 


In 2019, and specially from 2020 on, the focus 
shifted to partnering with strategic authorities in the 
Federal Government, particularly with the Ministry 
of Mines and Energy (MME), the Ministry of Econ- 
omy (ME), the Ministry of Science, Technology and 
Innovation (MCT), the Office of the Chief of Staff of 
the Presidency, the Ministry of Economy's Secretary 
of Development, the Ministry of Economy's Special 
Secretariat for Productivity and Employment, the 
Brazilian Agency for Industrial Development (ABDI) 
and the Brazilian Development Bank (BNDES). 


ABVE also works jointly with universities, such as 
the University of Sao Paulo (USP), the University of 
Campinas (UNICAMP), the Federal University of 
Santa Catarina (UFSC) and Investment Promotion 
Agencies (IPAs), for example, Investe Sado Paulo. 


Internationally, ABVE works collaboratively with the 
World Resources Institute (WRI), the International 
Council on Clean Transportation (ICCT) and the 
Institute for Transportation and Development Pol- 
icy (TDP) and also with multilateral development 
banks, such as the Inter-American Development 
Bank IDB), the World Bank and the United Nations 
Environment Programme. 


Moreover, ABVE maintains relations with the Brit- 
ish Consulate-General in Sao Paulo as well as the 
Embassy of Germany and the Embassy of Portugal 
in Brasilia. Ongoing collaborative works may result 
in future projects with countries such as Denmark, 
Sweden, Norway and Austria. 


The EVs and Hybrids Technical Committee pro- 
motes actions on the spread and sharing of scien- 
tific and technological knowledge and information 
about e-mobility by working towards solutions and 
systems concerning the cause. Hence, EV&H-TC 
focuses on technical projects and actions that are 
business bias-free or works preferably with specif- 
ic technologies. Likewise, the EV&H-TC stimulates 
active support and commitment to e-mobility from 
government agencies so that ongoing projects are 
strengthened and the EV supply chain broadened. 


The EV&H-TC’s objectives are as follows: 
e Market diagnosis of the national and 
international auto scenario - projections 


and forecasts of 1-5 year periods; 


e Development of strategies for the e-mobility sector; 


EVs and Hybrids Technical Committee 
(EV&H-TC) and the Society of Automotive 
Engineers (SAE) in Brazil 


e |mplementation of said actions; 


e Assessment of outcomes produced 
by the strategies and related adjustments; 


e Identification of local initiatives and 
opportunities in the market; 


e Engineering training and courses and 
the creation of a knowledge base on electric 
transportation technology; 


e Promotion of e-mobility symposia, 
virtual conferences and technical events 
on sustainable mobility; 


e Evaluation of collaborative projects and actions 
for low-emissions and efficient transportation, 
together with the industry, academia, RD&l centers 
and government, focused on sustainable mobility. 


For EV&H-TC, transforming the energy matrix of the different 
types of passenger and commercial vehicles is a proof of the global 
trend towards the use of electric traction systems. In this sense, 
Brazil needs to be able to carry out and achieve this technological 
transformation, under the risk of being considered outdated in 
relation to most countries in the world. 


Technologies within the scope 
of EV&H-TC 


e Electric motors, converters and inverters 
of various types (AC/DC, DC/DC, DC/AC) 


e Lithium-ion batteries of different 
electrochemical properties 


e Controls, connectivity and automation 
systems, charging systems, etc. that 
follows standardization, certification and 
homologation of the automotive sector 


e Electric traction systems 
e Safety and security 


e Infrastructure for EVs 


Arquivo PNME 


EV&H-TC believes that the Brazilian automotive en- 
gineering sector should seek competitiveness for the 
production of vehicles with propulsion systems that 
reduce, or even eliminate, gas emissions and partic- 
ulate matter emissions, motivated by environmental, 
public health or even energy efficiency issues. 


To this end, it is necessary to promote exchange be- 
tween the various actors in the sector - automak- 
ers, tiers of the industry’s supply chain, academia, 
government and institutions focused on the devel- 
opment of global electrification actions and their im- 
pact in Brazil. 


According to EV&H-TC, e-mobility in Brazil will go 
through a transition phase via hybrid vehicles - which 
can last for different periods depending on their cat- 
egories: light and heavy vehicles (5 to 10 years) - until 
a total fleet electrification, with the exception of those 
that, for various reasons, cannot be fully electrified 


6.4.1. E-mobility in Brazil: 
value creation and outcomes 


The actions undertaken by EV&H-TC have attracted 
growing interest from the Brazilian tech community in 
its events and technical and scientific work sessions, 
promoting professional training, spread and exchange 
of knowledge among different actors of e-mobility. 


Through its events, training and publishing of techni- 
cal and scientific material by the press and other types 
of publicity, EV&H-TC has strengthened ties with the 
industry and academia, creating a stronger e-mobility 
chain so as to adopt a lifestyle that embraces alterna- 


re 


ive energies and an eco-transport in the country 


n addition, EV&H-TC spreads new information about 


rs 


echnological trends and supports the establishment 
of EV technical standards and norms in Brazil as well 
as its access to international standardization materials. 


saebrasil.org.br 


Examples of events and knowledge dissemination in the community 
e The Annual Hybrid and Electric Vehicle Technologies Symposium - SAE Brazil 


e The Hybrid and Electric Vehicles Panel - SAE BRAZIL Annual Congress 


e Creation and support of academic competition programs, such as the Annual Formula SAE® 
Electric - FSAE-E, the new international H2 Challenge 


e Continuing education courses offered by SAE BRAZIL (E-Mobility Training and Courses) 


e Publication of articles in the quarterly Magazine SAE AAE - Aerospace 
and Automotive Engineering 


e Participation in forums, workshops e webinars 


e Face-to-face and distance learning professional training courses of competencies 
in e-mobility for professionals and professionals-to-be of the auto industry 


e Grant interviews to communication channels participants of not of the ecosystem of e-mobility 


e Maintain relations with the industry, academia, representatives (ANFAVEA, ABNT and 
Sindipegas) and research and development centers (CPqD), AHK (German-Brazilian Chamber 
of Commerce and Industry) 


Such collaborative work 

aims at the dissemination 

of knowledge and information, 
new technologies and 
roadmaps, cooperation 

in the development of 
standards and in the 
implementation of initiatives, 
such as student programs 

and the promotion of events. 


Therefore, the set of actions and training courses 
carried out by EV&H-TC translates the outcomes 
produced by the Committee’s performance in a 
tangible way, which provides mobility professionals 
with a broad view of the e-mobility ecosystem and 
the technological challenges thereof, in addition to 
solutions to overcome those challenges. 


6.4.2. EV&H-TC’s Framework 


The Committee is formed by a plural spectrum of 
participants, dedicated to the promotion of meetings 
and events targeted at the electrification of the vehi- 
cle propulsion system. It has approximately 40 volun- 
teers, including professionals of the industry, research 
and skills development centers, the academy and 
those who work in transportation companies or other 
sectors that are somehow connected to e-mobility. 


As for its facilities, EV&H-TC works in two rooms at 
the SAE BRAZIL headquarters on Avenida Paulista, 
in Sdo Paulo. In addition, SAE provides the Commit- 
tee with administrative support. 


6 4.3. Collaboration and cooperation 
of actors and network building 


The Commission works jointly with agencies, enti- 
ties, associations, researchers and professionals of 
e-mobility-related industries, non-exhaustive exam- 
ples are as follows: 


e USP, UNICAMP, MAUA Institute of Technology, 
Telecommunications Research and Development 
Center (CPqD) and Engineering Institute (IE); 


e The Brazilian Association of Technical Standards 
(ABNT), the Brazilian Automotive Engineering 
Association (AEA), the National Association 
of Vehicle Manufacturers (Anfavea), the National 
Association of Brazilian Auto Parts manufacturers 
(Sindipegas), the Ministry of Science, Technology 
and Innovation (MCTI), Petrobras, the 
International Association of Public Transport 
(UITP), the Union of Engineers of the State 
of Sdo Paulo (SEESP), Brazilian Association of 
Electric Vehicle (ABVE; 


e Mercedes-Benz, General Motors, Scania, VWCO, 
Toyota, BMW, Caoa Cherry, Bosch, Magneti 
Marelli, Schaffler, Siemens, WEG Industries, 
and others. 


Internationally, EV&H-TC works collaboratively 
with international actors via SAE International and 
its associates through their respective companies. 


The Zero Emission Bus Rapid-deployment Acceler- 
ator (ZEBRA) aims to deploy more new electric bus- 
es in Sdo Paulo (Brazil), Santiago (Chile), Medellin 
(Colombia) and Mexico City (Mexico). Those are 
cities that are already determined to innovate and 
make their public transportation fleets zero emis- 
sions. The Chilean experience is considered as the 
inspiration and example to guide actions planned 
for Mexico City, Sao Paulo and Medellin, as well as 
other Latin American cities. 


With the C40 Cities Climate Leadership Group 
and the International Council on Clean Transpor- 
tation (ICCT) as co-leaders, this program seeks 
to partner with local financial institutions that are 
willing to invest $1 billion for the deployment of 
EV zero-emission technology and electric propul- 
sion technologies by 2021 and that also believe 
in the design and proposition of new means of fi- 
nancing and business models for the operation of 
public transportation. 


Parallel to demand, the program also aims to act 
on supply by securing commitments from the 
main bus and engine manufacturers to support 
the growth of the e-bus fleet in Latin America. For 
that, said manufacturers collaborate by providing 
technical specifications of vehicles, loading plans, 
execution of pilot projects, and other aspects of 
technological nature. 


In addition to accelerating the e-bus transition in 
Latin America, the project aims to stimulate compe- 
tition between manufacturers, in order to make ad- 
vances, allow operators to experiment with different 
brands and allow the financial sector actors to invest 
in zero-carbon technologies. 


The ZEBRA Partnership 


In its first phase (2019), the ZEBRA Partnership es- 
tablished working groups in each of the cities previ- 
ously mentioned, in order to build an action plan for 
the acquisition of e-buses. Those groups included 
representatives of the public and private sectors. 


For the leaders of this initiative, what makes the 
ZEBRA Partnership stand out is the collaboration 
and coordination of its actors: public managers, ve- 
hicle manufacturers, operators and business finan- 
ciers. In fact, this initiative plays a fundamental role 
in guiding and supporting public and private actors 
in designing strategies for low-emission mobility. 


ANEEL R&D - Call 22 


In the ecosystem of e-mobility, the relevant role of 
the National Energy Agency (ANEEL) stands out. 
Since 2010, ANEEL has been participating in a se- 
ries of e-mobility-related projects and investments 
through its R&D strategic project carried out by ac- 
tors regulated by the Agency. Said investments were 
part of the traditional R&D program, transversal to 
the themes of the electric power sector, and were 
used in the construction of the first charging infra- 
structures in the country, as well as in e-mobility 
demonstration projects. 


Launched in 2018, the R&D Call 22 provided a 
spur for e-mobility, which included 30 approved 
projects that account for more than RS 463 million 
in investments in e-mobility from various propo- 
nents and administrators. The total of approxi- 
mately RS 73 million in collaterals (that shall be of 
at least 10% of the total project value in financial 
resources and the like) may be added to the figures 
mentioned above. 


In fact, if 2020 was a complex year for investments in 
mobility due to COVID-19, revealing a certain gen- 
eral stagnation in the ventures and related actions, 
we can affirm that R&D Call 22 is largely responsible 
for the continuity of new e-mobility projects. 


These projects have also made it possible to lever- 
age the ecosystem of e-mobility as R&D Call 22 ad- 
vocates for inter-sphere cooperation, with the par- 
ticipation of companies, Institutes of Science and 
Technology (ISTs), start-ups, consultancy firms and 
other market actors. That resulted in the creation 
and development (in progress) of a network struc- 
ture for R&D projects, the Network of Innovation in 
the Electric Sector (Rise). 


We emphasize that R&D Call 22 aimed to focus on 
go-to-market strategy projects, that is, projects di- 
rected to solutions that come to the latest stages 
of the innovation value chain, such as: material se- 
lection processes, development of prototypes, and 
spread and insertion of products in the market. 


The Brazilian Development Bank (BNDES) has a 
structured range of financial products to foster the 
deployment of low-emission mobility and clean 
technologies. In order to do so, BNDES has financed 
projects and plans that were in line with the concepts 
of renewable energy and energy efficiency through 
the “Renewable Energy’ special credit line and 
the “Efficient Capital Goods/National Technology” 
credit line, respectively, both accredited by BNDES’s 
FINAME Product. The Bank has played an important 
role in offering financing for the purchase of low or 
zero-emission machinery and equipment. 


From this perspective, a line for low-emission mo- 
bility has become a financial product. This type of 
product is suitable for both suppliers, that is, for 
companies that wish to invest in the manufacture 
and assembly of vehicles and their components, and 
for demanders, i.e., for companies and consumers 
that wish to purchase products. Examples of bene- 
ficiaries are: the public administration, companies, 
small-businesses, actors of road freight transpor- 
tation, foundations, associations and cooperatives 
with headquarters located in Brazil and, finally, do- 
miciled residents in the country. 


As motivations to commit to the e-mobility agenda, 
the BNDES highlights some demands from several 


actors, such as: 


e External demand (financial agents and multilateral 
development banks); 


e Third sector demand (WRI, C40, PNME); 


e Market demand (product suppliers 
and potential customers). 


BNDES 


6.7.1. BNDES’ Framework 


The Bank’s technical staff deserves attention as it 
masters the state-of-the-art (and how to employ it 
in products and services) and takes the various Bra- 
zilian realities into account when seeking to develop 
the best models or arrangements of services to be 
successfully implemented, with a focus on efficient 
and decarbonized transportation in cities. 


We also highlight the BNDES’ performance and col- 
laboration with other institutions, such as the C40. 
The motivations for those interfaces clearly indicate 
that greater future cooperation is to be promoted 
in this technological field. Hence, BNDES has devel- 
oped and promoted products and services to match 
marketplace needs and has crystallized the concept 
of low-emission mobility in the institution, which is 
interpreted as a strategic, priority issue. 


BNDES financing compiles 
a wide list of products and 
technological 


The agreements signed with 
other institutions reinforce 
commitments to be fulfilled 
by BNDES regarding 
low-emission mobility 


6.7.2. E-mobility in Brazil: 
value creation 


We can affirm that the creation of value by BNDES 
goes beyond the sphere of financing instruments. In 
fact, the Bank is also present on other fronts, such 
as its participation in discussion forums, as a mem- 
ber of the National Platform for Electric Mobility 
(PNME) and in low-emission mobility projects in cit- 
ies, such as the ZEBRA Partnership. 


FUNDEP considers that the diffusion of e-mobility 
in Brazil, in its various modes, is still incipient when 
compared to other markets (the Chinese market, 
for example). However, since its mission embraces 
fostering the development of society through ed- 
ucation, research and innovation and also provid- 
ing support to the government in decision-making 
processes, FUNDEP believes that e-mobility is a 
key driver of change, which transcends the issues 
of health and environment: for FUNDEP it is also a 
matter of energy. 


In fact, FUNDEP assesses that the e-mobility agen- 
da in Brazil is fragmented and a few steps back in 
relation to Europe, the United States and China, 
which requires coordinated efforts and the mobi- 
lization of actors - a role now played by the PNME. 


In this context, FUNDEP is a moderator as well as 
a link between actors which maps demands, on the 
one hand, and opportunities for technological de- 
velopment, on the other, in order to draw up a plan 
and the necessary actions for their implementation 
on a multi-stakeholder approach. 


FUNDEP is a catalyst 

for change that has played 
a leading role in working 
on key drivers of change. 


FUNDEP - The Research 
Development Foundation 


6.8.1. FUNDEP in action 


FUNDEP argues that e-mobility does not exclusively 
concern engineering, it is defined in a broader con- 
text: (1) zero-emission modes of transportation, (2) 
connectivity with smart cities and (3) integration be- 
tween different modes, in which mobility is provided 
as a service (MaaS - Mobility as a Service). 


Therefore, this broad scope results in permanent 
collaboration and coordination between FUNDEP 
and the government (at the national, intermediate 
and municipal levels), private institutions and ISTs. 
Also noteworthy is the Route 2030 point V, which 
regards projects on alternative propulsion systems. 


Additionally, FUNDEP plays the role of co-secretary 
of PNME and is also part of the Platform’s Science 
and Technology Commission. 


It also participates in the project on the 1st lithi- 
um-ion battery cell plant, employing the lithium-sul- 
fur (Li-S) technology, together with Minas Gerais 
Economic Development Company (CODEMGE) and 
Oxis Brazil. FUNDEP collaborates on a pilot project 
of e-vehicles in car-sharing services, in partnership 
with the Energy Power Company of Minas Gerais 
(CEMIG) and the Minas Gerais State Economic De- 
velopment Secretariat (SEDE). 


6.8.2. Motivations for FUNDEP’s 


participation, value creation 
and outcomes 


FUNDEP believes that e-mobility will have a ma- 
jor impact and will produce results that cannot yet 
be determined and the fact that there are new re- 
searches, developments and innovations to take 
place is of the foundation’s interest, those are the 
key motivations that led the FUNDEP towards the 
e-mobility cause. 


In the various actions undertaken by FUNDEP, value 
was created by (1) assessing the number of financed 
projects and the resources thereof, (2) the number 
of actors involved, (3) the international relations es- 
tablished within the scope of the projects carried 
out and (4) active participation in events that en- 
courage the formulation of public policies, which 
resulted in RS 85 million to support projects of the 
Route 2030 point V. 


6.8.3. FUNDEP’s Framework 


FUNDEP is currently made up of 250 profession- 
als who work in different programs and projects in 
various areas of knowledge, of which 20 to 30 peo- 
ple are directly engaged in the Route 2030 point V 
- which regards projects on alternative propulsion 
systems- and in PNME activities. 


FUNDEP also works with 
international organizations 
that also promote initiatives on 
e-mobility, such as Calstart, 
MIT, Harvard Institute (USA), 
Technion (Israel), Fraunhofer 
Gesellschaft (Germany). In 
addition, the Foundation 
maintains relations with both 
the British and the Portuguese 
Consulate-General 


6 8.4. Collaboration and cooperation 
of actors and network building 


FUNDEP works closely with ISTs, having in its port- 
folio approximately 40 actions directly supported by 
the Foundation in the most varied areas of knowl- 
edge and whose subjects are transversal to e-mobil- 
ity. As for example the areas of advanced materials, 
power electronics and electrochemical accumula- 
tors. In addition to ISTs, FUNDEP maintains rela- 
tions with the Ministry of Economy (ME), the Minis- 
try of Science, Technology and Innovation (MCT), 
the Ministry of Regional Development (MDR) - said 
Ministries are members of PNME - as well as with 
the National Energy Agency (ANEEL), the Funding 
Agency for Studies and Projects (FINEP), the Brazil- 
ian Development Bank (BNDES), and others. 


FUNDEP works jointly with associations, such as the 
National Association of Vehicle Manufacturers (AN- 
FAVEA), the Brazilian Automotive Engineering Asso- 
ciation (AEA), the National Association of Brazilian 
Auto Parts manufacturers (SINDIPECAS), the Society 
of Automotive Engineers (SAE Brasil), and so forth. 


6.8.5. Brief analysis of the 
e-mobility ecosystem in Brazil 


Finally, the FUNDEP recognizes several actors in 
the e-mobility ecosystem, but there is still a gap in 
national collaboration among them and instruments 
and public policies that encourage the widespread 
diffusion of e-mobility in the country are still to be 
developed. In this regard, the Foundation believes 
that the PNME works as the integrator that provides 
the right space for collaborative and coordinated 
work of actors. 


FUNDEP considers that for the promotion of new 
businesses, integration and collaboration are deci- 
sive factors, since it facilitates the process for Brazil 
to keep up with other countries. 


Conclusions 


In this chapter, we addressed initiatives and their fea- 
tures as a place of collaboration and cooperation of 
actors and the governance structure adopted in part- 
nerships between leaders of those collectives. This 
study provided us with a comprehensive overview 
of the institutions’ objectives, how they are formed, 
their frameworks, their approach to e-mobility and 
also their roles in the e-mobility ecosystem. 


As for PNME, it is a multi-stakeholder platform 
whose greatest asset is its ability to coordinate ac- 
tors with diversity of experiences, knowledge and 
points of view directed towards a common goal. 
The Platform is composed of members from (1) 
government (2) industry, (3) ISTs and (4) civil so- 
ciety. In fact, PNME acts on a national scale and 
aims to orchestrate projects and large programs for 
e-mobility. The proposal for the National Action 
Plan for Electric Mobilit is being discussed in the 
Platform, whose first meeting and activities were 
carried out in 2018. 


In fact, PNME fills the gap of governance structure 
at a strategic level that embraces the perspectives 
of the market, government and academia. 


In a supply chain, market-oriented approach, ABVE 
plays an important role as it is the only association 
of its kind in Brazil that represents the EV supply 
chain as a whole. ABVE has among its associates 
small and large companies, national and transna- 
tional companies, local producers and importers. 
ABVE has among its associates small and large 
companies, national and transnational companies, 
local producers and importers. 


We learned that ABVE joined the movement as a 
catalyzer of demands and of cooperation and col- 


laboration processes within and between different 
branches of economic EV-related activities, and so 
its role involves taking those demands forward to 
decision-makers of different functions of the State 
- Executive and Legislative, in order to advocate 
for the development and use of EVs in the country. 
ABVE also partners with the PNME so as to work in 
the promotion of e-mobility in Brazil. 


Moreover, SAE EVs and Hybrids Technical Commit- 
tee (EV&H-TC) promotes actions on the spread and 
sharing of scientific and technological knowledge 
and information about e-mobility by working to- 
wards solutions and systems concerning the cause. 


Hence, EV&H-TC contributes greatly to collabo- 
ration, tech support and training courses of com- 
petencies in e-mobility from an engineering ap- 
proach, which is also the Committee’s identity. It is 
also worth mentioning the connections between the 
EV&H-TC and SAE International, which is a channel 
for the exchange of knowledge and information as a 
means of learning. 


After studying the activities undertaken by the ZEBRA 
project, we observed that it is one of the main collab- 
orators and supporters of the electrification of public 
transportation in cities. Its operations are intrinsically 
linked to the governance of good practices in cities 
that aim to transition to low or zero-emission public 
transportation. 


Hence, the ZEBRA project took the role of bringing 
interested parties together, both demanders, which 
are the cities, as well as suppliers, such as automak- 
ers and components makers. Also, to incorporate 
supply and demand by considering the challenges 
regarding acquisition of EVs and business models of 


public transportation, the project provides the ac- 
tors involved with technical, economic and financial 
support for their decision-making process. 


Furthermore, the relevant role of the National En- 
ergy Agency (ANEEL) stands out. ANEEL has been 
participating in a series of e-mobility-related proj- 
ects and investments through its R&D strategic proj- 
ect. We can affirm that R&D Call 22 projects are 
largely responsible for the continuity of the e-mo- 
bility agenda as said projects are carried out and 
receives half a billion reais in investments. 


As for the Brazilian Development Bank (BNDES), it 
has a structured range of financial products to fos- 
ter the deployment of low-emission mobility and 
clean technologies and offers financial instruments 
to actors of the supply chain as well as to companies 
and consumers that wish to use adopt solutions in 
favor of public transportation, for instance. 


At last, FUNDEP’s mission embraces fostering the 
development of society through education, research 
and innovation - via ISTs - and also by providing 
support to the government in decision-making pro- 
cesses. FUNDEP believes that e-mobility is a key 
driver of change, it is a moderator as well as a link 
between actors which maps demands, on the one 
hand, and opportunities for technological develop- 
ment, on the other, in order to draw up a plan and 
the necessary actions for their implementation ona 
multi-stakeholder approach. 


In conclusion, we have hereby approached the main 
organizations working towards the adoption of a 
governance for e-mobility in Brazil. Above all, these 
collectives are understood and treated as open 
channels so that there is interaction with those who 
wish to have a deeper knowledge of their actions or 
identify opportunities for partnerships on e-mobili- 
ty. Unlike the scenario painted by BARASSA, 2015; 
CONSONI et al., 2018b, where there is no e-mobili- 
ty governance in action in the country, the spectrum 


of actors presented in this chapter brings elements 


that allow us to argue that the governance for e-mo- 
bility is an ongoing reality in Brazil. 


This Annual Report aimed to describe and study 
the e-mobility panorama in Brazil according to 
the following elements: 


e drivers for motivation 

e technologies 

e businesses and markets 
e governance and policies 


This study was driven by the question: 


How are the actions and 
activities regarding e-mobily 
being developed 

and prioritized in Brazil? 


Such a question arises, especially, as we noticed 
a gap to be filled by a publication that addresses 
the many ongoing initiatives on e-mobility by a 
well-structured, systemic vision approach; such 
a publication may also adopt different perspec- 
tives when assessing innovations, such as the 
technology, political and marketing perspectives. 
Moreover, we can affirm that a well-presented 


report on the sector has not yet been published, 
that is, there are no publications on the growing 
e-mobility sector and its advances and activities 
available in Brazil. Hence, with the absence of a 
publication in Portuguese, neither is it expected 
a publication written in English. 


And in this scenario in which Brazil does not 
publish nor share relevant information on e-mo- 
bility, the country abstains from participating in 
other markets, countries and regions. We can 
even infer that it is due to those circumstances 
that there are a few international actors interest- 
ed in the Brazilian e-mobility market. 


Thus, we find it imperative that we organize, 
collect, process and publish a study about the 
current status of the development of e-mobility 
in Brazil. Consequently, it is for the above-stat- 
ed exact reasons that we presented this Annu- 
al Report and, motivated by it being the first 
publication of its kind on the subject and also 
being published in English, this Report plays an 
important role of disseminating information re- 
garding e-mobility in this scenario of uncertain- 
ties and barriers in which we are inserted now. 


Chapter 1, presented a general outlook of 
e-mobility, addressing e-mobility from a broad 
perspective that embraced not only electric ve- 
hicles and their related technologies, but also the 
way in which those are applied and used in new 
interfaces and businesses. The modes of trans- 
portation presented were Heavy-Duty Vehicles 
Passenger Vehicles and Heavy-duty Commercial 
Vehicles, Light-Duty Vehicles Passenger Vehi- 
cles, as well as those labelled as micro-mobily, 
especially e-mopeds and e-bikes. As for tech- 
nology, we defined the Electric Propulsion Sys- 
tem (EPS) as the component that is central and 
common to all those categories, which is com- 


posed of a set of components and technologies to 
create EV traction. It involves electric motors, accu- 
mulators (e.g. batteries), inverters, chargers, hybrid 
systems and other subsystems. 


In addition, in Chapter 1 we provided reflections 
about how different variables stimulate and shape 
vehicle electrification, like the relation between PM 
emissions and public health, the calls to reduce 
emissions under increasingly aggressive metrics, the 
advantages of not using fossil fuels and, finally, the 
new windows of opportunities in solutions and busi- 
ness. When it comes to emissions, we noticed that 
automakers have been put in check when offering 
only internal combustion engine vehicles and there 
is a clear reconfiguration of their product portfolios 
which now have hybrid and pure electric vehicles. 


We also learned that e-mobility poses a dilemma 
for the industry, since it put questions to investing 
in a well-established, mature technology that, still, 
has limited application. In this process of technolog- 
ical transition, the focus of investments is on those 
critical elements which depend on technological im- 
provements in order to become fully economically 
and financially viable, such as batteries. 


Chapter 2, in which we addressed the national con- 
text and its common drivers for the adoption of 
e-mobility, showed us that the Brazilian market has 
active players, being those interested in the supply 
chain or in new businesses, who are, in whichever 
case, interested in boosting e-mobility in the coun- 
try. It is noteworthy to mention the embryonic stage 
of e-mobility in Brazil that is still being introduced 
and spread in the market. Hence, the sector is being 
structured in the country, especially in the state of 
Sao Paulo, but also in the states of Minas Gerais, Rio 
de Janeiro, Paranda, Santa Catarina and in the Brazil- 
ian capital Brasilia. That highlights that e-mobility is 
being adopted through clustering, mainly present in 


the axis formed by the cities of Rio de Janeiro - Sdo 


Paulo and Sao Paulo - Parana. 


In fact, we consider that actors are still identifying 
their roles, the ways in which they can act and devel- 
op their business in the market, which was present 
in various interviews and talks carried out as pre- 
paratory work for this publication. We also noticed 
the introduction of new companies in the market 
who came from other sectors, such as the electrical 
and electronic sector, which brings new elements to 
e-mobility and its supply chain. 


Chapter 3 presents public policies that are transver- 
sal to e-mobility, such as the Route 2030 program 
(automotive sector) and the ANEEL R&D (electric 
power sector). Those institutions are considered rel- 
evant drivers that promote demonstration projects 
and the experimentation of EV technologies. 


The set of mapped public policies can contribute to 
more intense entrepreneurial activities ongoing in 
the country, especially in regards to the industrial 
policy implemented at the end of 2018 - the Route 
2030 program. That is a key public policy for the 
auto industry which comprises incentives for R&D 
projects, which may affect EVs, as the companies 
qualified in these activities must comply with the 
increase of energy efficiency of vehicles sold in the 
country, possibly resulting in the electrification of 
their fleets. In addition, ANEEL R&D Program (Law 
n. 9991/00) started to direct approximately half a 
billion reais to EV-related projects in Brazil. 


This program will definitely bring companies of the 
electric power sector close to e-mobility by leverag- 
ing the development of new technologies and busi- 
ness models. 


We can affirm that there are ongoing efforts to foster 
scientific and technological competencies development 


in the e-mobility sector in Brazil, in view of profes- 


sional training courses being offered and the partic- 
ipation of ISTs in several R&D projects in progress. 


Chapter 4, which addressed impacts of the COVID-19 
in the e-mobility sector, we learned that mapped 
projects and ongoing projects can be negatively af- 
fected by the pandemia, as it impacted all the other 
industry sectors, including the e-mobility sector. We 
saw that practically all modes of transportation were 
badly affected as investments and actions that were 
expected to happen were postponed. In addition, the 
depreciation of the Brazilian real against the US dol- 
lar directly affected prices of imported goods, posing 
more barriers to the adoption of e-mobility. Howev- 
er, in this scenario of challenges, opportunities were 
revealed. Opportunities to redesign public transpor- 
tation existing strategies and business models, and 
also to adopt micro-mobility in Brazil. 


And beyond COVID-19? 

What types of market trends 

can be spotted for the coming years? 
What shall we expect 

within the 2030 time horizon? 


Chapter 5, provides insights into a vision of the fu- 
ture for e-mobility in Brazil. It built exploratory sce- 
narios as well as prospective scenarios of market be- 
havior of EVs and their modes. Curve patterns were 
defined and based on a great number of interviews 
and talks carried out with market actors and spe- 
cialists who shared their views and perspectives on 
e-mobility for 2023, 2025 and 2030. 


On a methodological approach, those views were 
categorized in conservative scenario, moderate sce- 
nario and aggressive scenario, which addressed EV 


fleet growth by year and the market share (%) of light 
passenger vehicles. We concluded that, from the 
data collected, in the short term (2023) all modes 
of transportation and recharging infrastructure will 
be affected by of COVID-19, with a profile framed 
between the conservative and moderate scenarios. 


However, it will be between 2025 and 2030 that the 
EV market behavior will be inserted in the moderate 
scenario, whose growth will be similar to the pre- 
COVID scenario. 


Finally, Chapter 6, which addressed elements of gov- 
ernance and collaboration among actors, presented 
a comprehensive overview of the many actors who 
work for the development of e-mobility in Brazil: 
how they prioritize their actions, their frameworks, 
their approach to e-mobility and also their roles in 
the em-mobility ecosystem. Hence, we approached 
the main organizations working towards the adop- 
tion of a governance for e-mobility in Brazil. Above 
all, these collectives are key to spread the word and 
promote e-mobility in society and to offer training 
courses of competencies in e-mobility, as well as to 
orchestrate agendas, collaborate and cooperate and 
perform strategic actions that promote impact. 


Allin all, we hereby described and studied the e-mo- 
bility panorama in Brazil. We did try to present the 
vast majority of activities of the sector undertaken 
today. However, we believe that this is an inexhaust- 
ible exercise, since other ventures, new regulations 
and other initiatives may be engendered and were not 
covered prior to the conclusion of this publication. 


However, this Annual Report does not end in itself. 
In fact, we consider it to be an evergreen document, 
which must be revisited and updated year by year. 
We advise the constant monitoring of the various di- 
mensions that affect e-mobility, which include (new) 
technologies, institutional evolution (new types of 


policies and international collaborative efforts), 
market advancement and other elements that affect 
the diagnosis presented by this Annual Report. 


This follow-up is necessary for the updating on the 
new features of e-mobility. In fact, that is one of the 
roles of this type of publication and the next editions 
must present the reader with an up-to-date outlook 
of e-mobility. Until then, the expectation is for the 
expansion of this ecosystem and for new elements 
to be brought to stage. 


Workshops to design 
the structure of PNME 
and their development 

methodologies 


Table 16. methodological process of creation and consolidation of PNME by research fronts 


WORKSHOP ADDRESSED TOPICS METHODOLOGICAL PROCESS 


Facilitated activities performed by 3 groups 
1. MOTIVATIONAL DRIVERS of stakeholders aiming to: 
1 Workshop 2. OBJECTIVES e Establish three main motivations 
August.23%.2019 ; iain 
FIESP-SP cs e Establish three main objectives and risks 
3. ACTORS AND PARTIES e Identify actors and parties by the 
Innovation Radar method 
facilitated activities performed by 3 groups 
4. GOVERNANCE of stakeholders aiming at: 
2" Worksho FRAMEWORK STRUCTURE © Questions and answers pertaining to the 
P (part'1) strategic planning, secretariat, members 
October.24".2019 
: ‘ and others 
Brasilia e Strategic Planning 
e The Secretariat *** In addition to the workshop, bibliographic review 
regarding other network and platform structures 
was undertaken 
5. GOVERNANCE 
FRAMEWORK STRUCTURE 
(part 2) 
e Members Facilitated activities performed by 3 groups 
A of stakeholders aiming to: 
3"° Workshop e Science and Technology 
Betembene avy Comission (CST) e Answer previously selected topics referring 
Brasilia « Efndnes Gomaedon to the CST, Finance Commission and other 
organizational Structure parts 
6. INSTRUMENTS OF PUBLIC 
POLICY AND REGULATION 


Source: Personal collection. 
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1. Introduction 


This article aims to reflect upon the complex chal- 
lenge of Brazilian cities in promoting the sustainabil- 
ity transition 'of urban mobility, by strengthening the 
relation between urban space usage and less pollut- 
ing land vehicles in a good quality, safe, inclusive and 
accessible manner. This study is guided by the belief 
shared with the United Nations on the place urban 
public transportation takes in debates about mobil- 
ity, which is considered “not as an end in itself, but 
as a means that allows people to access needs of 
any sort: employment, markets and goods, social 
interaction, education and a series of other services 
that contribute to healthy and fulfilling living.” (CNM, 
2018; UN, 2016). In other words, urban transportation, 
which includes its various modes, shall be treated as 
part of a system of urban mobility that fosters ad- 
vances towards sustainable urban development and 
as an instrument to build more just, sustainable and 
inclusive societies (GUZMAN; OVIEDO; ARDILA, 2019). 


Such approach is in accordance with the principles es- 
tablished by the National Urban Mobility Policy (NUMP) 
passed as Law n. 12,587/2012, which is based on the 
belief that adequate mobility is a preponderant factor 
to achieve sustainable development of cities, in both 
the socioeconomic and the environmental dimension; 
its end point is that cities work towards improving 
quality of life and enforce the right of citizens to ac- 
cess diverse opportunities for employment, education, 
leisure, services, and others (PEREIRA et al, 2020). And it 
is a fact that unhealthy and precarious conditions of 
transit limit people’s options to live healthy and pro- 
ductive lives (VENTER; MAHENDRA; HIDALGO, 2019). 


Cities, and especially local governments, are fun- 
damental to (re)directing and stimulating such 


1. Sustainability Transitions are long-term, multi-dimensional, and funda- 
mental transformation processes through which established socio-technical 
systems shift to more sustainable modes of production and consumption. 
(MARKARD; RAVEN; TRUFFER, 2012). Promoting sustainability transition 
involves the transformation of the ongoing transportation systems, mobility, 
agriculture, energy power, and others, in which the participation of actors 
from different sectors is key to advance such transformations. 


transition processes towards sustainable mobility 
(BANISTER, 2007). As for the Brazilian scenario, local 
governments are responsible for planning, execut- 
ing and evaluating the urban mobility policy and for 
organizing and providing public and private trans- 
portation services, adopting standards for the con- 
trol of environmental and noise pollution. For those 
reasons, local governments have all the power to 
implement policies and actions to promote the tran- 
sition to sustainable mobility”, which in many cases 
are not aligned with the national context. 


In this context, local governments should reflect on 
the impact of implementing low-emission transpor- 
tation systems to reduce greenhouse gas (GHG) and 
local pollutant emissions, noise, public health and, in 
general, improving citizens’ quality of life and reduc- 
ing inequalities. E-mobility is one of the alternatives 
that can contribute to the transition to sustainable 
mobility in cities, given the greater energy efficiency 
of different electric modes of transportation and less 
dependent fossil fuel alternatives. 


We can affirm that cities have become a kind of living 
laboratory for the promotion of low and zero-emis- 
sion technologies, where it is necessary to take into 
account specific characteristics of each technology, 
the possibilities of integrating vehicles with renew- 
able energy sources (solar power, wind energy, biofu- 
els) and the benefits associated with their implemen- 
tation, especially those concerning the environment, 
health and mobility. Cities are no longer static ele- 
ments, they have become dynamic places that en- 
courage transitions to sustainability (BERMUDEZ, 2018). 


From this perspective, the question that arises is: how 
do cities manage to adequately meet the needs of cit- 
izens regarding transit and commuting by guarantee- 
ing their basic rights, access to diverse opportunities 


2 Sustainable Mobility involves a broad concept in which the individual is 
valued in urban areas, implying actions that allow a healthier and more har- 
monious coexistence. Promoting the transition to sustainable mobility implies 
thinking about integrated public planning with actions to foster progress in 
this direction (BANISTER, 2008). 


and quality of life at the same time? The challenge 


is not trivial and requires consistent and coordinated 
planning between economic, transportation, public 
health and environmental policies, aligned with ur- 
ban development and the infrastructure of cities. 


The implementation and growth of e-mobility, which 
in this publication comprises its various modes (cars, 
buses, trucks, bicycles, scooters), in which there is in- 
tegration between them and active mobility, presents 
itself as an ally to advance in this complex challenge 
of sustainable mobility for cities. In addition, e-mobil- 
ity, being zero or low-emission and practically sound- 
less, is considered as a strategic technology that en- 
ables cities to transition to sustainable mobility. Those 
characteristics are a great differential to e-mobility 
when compared with other traditional modes depen- 
dent on fossil fuels: when inserted in its environment, 
that is, cities, the emission of pollutants is reduced 
or zeroed, which helps to decarbonize urban centers 
that demand urgent actions on air pollution. 


It is noteworthy that when addressing the role of 
e-mobility in the transition to sustainability or sus- 
tainable mobility, it is not a matter of defining such 
electric modes as simply as technology and innova- 
tion instruments. We are adopting an approach that 
takes e-mobility as a means of enabling citizens to 
access clean and better quality means of transporta- 
tion. Specifically, the implementation of electric and 
efficient public transportation systems can contribute 
to greater connectivity in urban areas and to greater 
social inclusion through the reduction of structural 
gaps and inequalities by allowing greater accessibility 
to opportunities for citizens and social groups resid- 
ing in urban peripheries (BORBA, 2020). Thus, emobil- 
ity, given its sustainable character, broadens citizens’ 
access and respect for human rights in general. 


This article aims to advance the reflection that links 
electric transportation modes with the concepts of 
citizenship and human rights by proposing arguments 
concerning benefits that citizens can obtain from ac- 


tions and strategies that Brazilian cities undertake to 
implement e-mobility in urban areas. 


In order to bring more elements to this debate, this 
article consists of four more sections additional to 
this introduction. Section 2 advances the discussion 
on e-mobility and its role in the transition to sustain- 
able mobility in cities, seeking to establish links be- 
tween this study and concepts related to the promo- 
tion of citizenship and human rights. 


Section 3 reinforces the arguments already presented 
by addressing the various interfaces and the trans- 
versal side that e-mobility presents in relation to the 
global agenda put forward by the UN to be achieved 
by 2030, based on the proposal of Sustainable De- 
velopment Goals (SDGs) (UN, 2015). The SDGs are a 
response to a purposeful agenda of coordinated and 
integrated actions on a global scale, whose objec- 
tive is to address issues such as citizenship and hu- 
man rights by setting goals and indicators for social, 
environmental, economic and institutional issues. 
In the context of cities, the SDGs can be seen as a 
methodology for organizing, analyzing, planning and 
implementing strategies for actions that can be inte- 
grated into the public budgeting (CNM, 2018). Thus, to 
highlight the relationship between e-mobility and the 
SDGs is a way of showing cities a possibility of mov- 
ing forward to reaching this agenda and its potential 
benefits for citizens. 


Section 4 provides arguments for reflection upon this 
issue from the perspective of Brazilian cities. Since 
e-mobility is a way of providing urban areas with 
higher quality, sustainable means of transportation, 
as well as a way to commit to the SDG goals, the 
guiding question for Section 4 is: how are Brazilian 
cities managing to advance in the implementation of 
e-modes of transportation? 


Finally, we present conclusions concerning the ap- 
proach that takes urban transportation as a means 
to an end, not as an end in itself. In other words, 


urban transportation should be the means to enable 


the mobility of people so that they can access op- 
portunities relevant for their lives, as Amartya Sen 
(1995) proposes, in the most efficient way possible 
(GUZMAN; OVIEDO; ARDILA, 2019). Electric modes of 
transportation, which are way more than technical 
instruments, would be a means of contributing to 
sustainability transition. 


2. Transition to sustainable mobility 
through e-mobility 


The debate on sustainable mobility employs a new 
approach that, unlike conventional concepts, focus- 
es on individuals and the social dimension of the re- 
lationship between people, traffic and urban space. 
It is about considering streets as a space for people, 
for active mobility, for public transportation, and 
not just for cars and their users (BANISTER, 2008). 


The Transition to Sustainable Mobility requires the 
integration of clear planning strategies, combined 
with actions that aim at reducing the need for trav- 
elling and trips’ duration; actions that promote the 
use and combination of modes of transportation, 
and encourage more efficient transportation sys- 
tems by adopting low-emission technologies (BAN- 
ISTER, 2008). Hence, it is a fact that discussing sus- 
tainable mobility implies thinking about modes that, 
being emission-free, contribute to the reduction 
of negative externalities of air pollution, noise and 
public health, especially in urban centers. It is in 
this scenario that e-mobility occupies an important 
space (albeit not the only one) in the transition to 
low-mission (NOEL et al, 2018a, 2018b) and places the 
responsibility on cities, so that they take the neces- 
sary decisions that aim to promote such transition. 


Some reasons that justify the importance of look- 
ing at cities as key actors to stimulate transitions to 
sustainable mobility are (EEA, 2018; HOLTZ et al., 2018; 
KUOKKANEN; YAZAR, 2018): 


e Cities have been increasingly concentrating power 
and available resources, and are a place of demand 
for goods and services (which can be environmen- 
tally specific), thus cities are central players in the 
transition to sustainable mobility. 


e Cities provide special conditions for natural incu- 
bation of new technologies, demonstration proj- 
ects and experiments that lead to learning about 
different sustainable innovations, and contribute 
to the reconfiguration of existing practices. 


e Urban areas are places where changes in infra- 
structure, institutions, production and the behav- 
ior of consumers and citizens can occur. 


e Urban areas can coordinate and promote joint de- 
velopments in different sectors that can result in si- 
multaneous processes of transition to sustainability. 


e Brazilian municipalities, specifically those with 
more than 20 thousand inhabitants, are obliged to 
elaborate and approve a National Action Plan for 
Urban Mobility, as an instrument of implementa- 
tion of NUMP. 


Thus, based on the performance of local govern- 
ments and collaboration of citizens and other actors 
in society, cities are fundamental to lead processes 
of transition to sustainability, because they can bet- 
ter understand, inform and guide local inhabitants, 
public managers, companies and organizations to 
achieve sustainability goals (VAGNONI; MORADI, 2018). 


And among those goals there is the challenge of miti- 
gating air pollution. We fully understand the impacts 
on human body caused by local air pollutants such 
as Particulate Material (PM), Nitrogen Oxide (NO,), 
Carbon Monoxide (CO), Ozone (O.) and Sulfur Diox- 
ide (SO,) (GAKIDOU; GLOBAL BURDEN OF DISEASE STUDY 
2016 RISK FACTORS COLLABORATORS, 2017; MIRAGLIA; 
GOUVEIA, 2014; WHO, 2016; SALDIVA, 2018). In fact, Ac- 
cording to the World Health Organization (WHO), 


exposure to Particulate Matter (PM, .) contribut- 


ed to 4.2 million premature deaths, 91% of which 
occurred in low and middle-income countries. The 
issue of sound or soundless vehicles, in the case of 
electric modes of transportation, is another dimen- 
sion to be considered as it provides greater comfort 
and quality for citizens’ commutes. 


However, the reflection on e-mobility in urban spac- 
es goes beyond health and environmental issues, 
which are the impacts most easily associated with it. 
It is about looking at e-mobility as an ally to advance 
sustainable mobility as it also impacts economic 


growth, industrial and technological development, 
access to energy, infrastructure and sustainable pro- 
duction and consumption, in addition to contributing 
with the creation of inclusive cities and enforcing the 
right to access public spaces. Thus, e-mobility can 
serve as a redistributive instrument to contribute to 
the reduction of inequalities as far as it can go/or 
provide citizens with better access to social life, ed- 
ucation, health, leisure and economic opportunities 
(WILLOUGHBY, 2002); (GUZMAN; OVIEDO; ARDILA, 2019). 
The elements mentioned before are shown in Figure 
1, which illustrates connections between e-mobility, 
citizenship and human rights. 


Figure 31. Connections between e-mobility, citizenship and human rights. 
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Source: Personal collection. 


In this context, e-mobility can be understood as an 
innovation process that embraces the implementation 
of different modes of transportation (private, col- 
lective, freight, bicycles, mopeds) with electric and/ 
or hybrid propulsion systems. Such technology has 
advantages over conventional vehicles with internal 
combustion engines, mainly in relation to energy ef- 
ficiency, reduction of dependence on fossil fuels, and 
reduction of GHG and local pollutant emissions. 


But e-mobility is not only about implementing cer- 
tain types of EVs (as machines). On the contrary, 
it is associated with a series of political, econom- 
ic, industrial, financial, market, technological, so- 
cial, cultural and infrastructure elements, as well as 
new consumption habits and practices among users 
(GEELS, 2012). 


In addition, e-mobility establishes connections with 
other economic sectors, such as the electric power 
sector, electric power distribution and mining with 
different areas of knowledge, such as informa- 
tion and communications technologies, chemistry, 
electronics, among others. This necessarily results 
in the participation of new actors from different 
positions of power and governance, in which users 
and citizens are a fundamental part of the transi- 
tion process, since they need less polluting modes 
of transportation. 


The interaction and the establishment of new re- 
lationships between those actors favor the emer- 
gence, expansion and consolidation of new net- 
works and new business models and opportunities, 
which emerge with a view to overcoming several 
e-mobility-related technological challenges and the 
need for improving the configuration of urban mo- 
bility, for example, by EV sharing. 


Hence, in the process of transition to sustainable 
mobility, e-mobility becomes a strategic asset since 
it allows the implementation of zero and low-emis- 
sion technologies for different modes of transpor- 


tation especially in cities, which are areas with the 


greatest pollution levels and traffic congestion, said 
implementation contributes to a better quality of 
life for city inhabitants. 


3. Promoting SDGs and 
committing to 2030 Agenda 
through e-mobility 


The Sustainable Development Goals (SDGs) are nec- 
essary means to advance in the achievement of hu- 
man rights, citizenship, better living conditions, and 
environmental protection. In other words, the SDGs 
provide guidelines to ensure the achievement of 
sustainable development and its three components 
(a.k.a the sustainability tripod: social, economic and 
environmental), without disregarding the institutional 
dimension that makes such an achievement feasible, 
which must occur with harmony and social justice. 
A striking feature among all 17 SDGs is their trans- 
versal and complementary nature, which means that 
the efforts made to achieve the SDGs are unlikely to 
occur without causing profound structural changes 
in all sectors of society (SACHS et al, 2019). 


This section addresses the case of e-mobility and 
aims to understand what place it occupies within the 
scope of the SDGs, and what contributions it can 
bring to the 2030 Agenda. In a complementary way, 
it is necessary to take e-mobility as a component 
that boosts sustainable urban mobility, which, in 
turn, represents a transversal theme to the totality of 
the SDGs, as already emphasized by the studies con- 
ducted by the UN (2016) and adapted for Brazil by 
the National Confederation of Municipalities (CNM, 
2018). Specifically, the latter presents a mapping of 
sustainable mobility in Brazil in regards to each of the 
17 SDGs in order to make this debate more acces- 
sible to city managers and technicians; its intention 
is to show that the goals and indicators associated 
with the SDGs represent a methodology for orga- 
nization, analysis, planning and strategic actions; 


actions that promote sustainable mobility can be in- 


tegrated into cities public budgeting. 


There is no doubt that the SDGs are part of a com- 
plex agenda that at the same time it leads to an end 
point it also comes up against difficulties related 
to its operationalization. Thinking of the SDGs as 
modular building-blocks, which represent structural 
changes, as proposed by Sachs et al (2019), can help 
to advance their achievement. Each of these blocks 
of transformation presented by the authors, a total 
of six’, has their own priorities and needs defined, a 
call to action to the government and society, in the 
broad sense. The importance of making progress 
in promoting sustainable and low or zero-emission 
mobility is so latent it is described in two of those 
six major transformation blocks: in the Decarbon- 
ization of Energy and Sustainable Industry by adopt- 
ing electrification and zero carbon fuels, which are 
used instead of fossil fuels; and in the Sustainable 
Cities and Communities block, by adopting efficient 
and sustainable mobility, with special attention to re- 
ducing transportation air pollution and ensuring its 
long-term sustainability (SACHS et al, 2019). 


As for the 2030 Agenda specifically, we have iden- 
tified at least seven Goals in which e-mobility has 
transforming potential, which are represented in 
Figure 2. 


The diversity of local conditions in each region of the 
country has posed countless challenges as well as op- 
portunities to achieve the SDGs of the 2030 Agenda. 
Among the main challenges, there are issues such 
as disagreements about local priorities, conflicting 
interests between interest groups, as well as future 
uncertainties. The bet on e-mobility, despite its con- 
tributions to the 2030 Agenda goals being evidenced, 
with achievements regarding human rights and the 


3 The six Transformations, introduced by Sachs et al (2019), are: (1) 
education, gender and inequality; (2) health, well-being and demography; 

(3) energy decarbonization and sustainable industry; (4) sustainable food, 
land, water and oceans; (5) sustainable cities and communities; and (6) digital 
revolution for sustainable development. 


quality of life of citizens, is not a bet all managers 
have agreed to. Understanding the reasons for such 
antagonism involves proposing an agenda of commit- 
ments that mobilize actors and promote collaborative 
efforts. The next section addresses those issues and 
uses the Brazilian case as its object of inquiry. 


4. Benefits for Brazilian cities from 
the promotion of e-mobility. 


Given the importance of sustainable urban mobility 
to raise the quality of life of citizens, in 2012 the Bra- 
zilian government implemented the National Urban 
Mobility Policy (NUMP), Lawn. 12,587/2012, whose 
main objective is “to foster universal access to cities, 
the creation and promotion of favorable conditions 
for the realization of the principles, objectives and 
guidelines of the urban development policy, through 
planning and democratic management of the Na- 
tional System of Urban Mobility” (BRAZIL - MINISTRY 
OF CITIES) , 2012). 


NUMP'’s guidelines prioritize active transportation 
over motorized ones and public collective transpor- 
tation over private motorized transportation and 
also the integration between the different modes of 
transportation. In addition, it promotes reduction of 
environmental, social and economic costs associated 
with urban mobility and encourages scientific-tech- 
nological development and the use of renewable and 
less polluting sources of energy in transportation 
systems (BRASIL-MINISTERIO DAS CIDADES, 2012). 


As we previously mentioned, e-mobility has become 
one of the alternatives to improve the quality of life 
of citizens regarding air quality in cities and public 
health in general, since it contributes to reduction of 
GHG emissions and of local pollutants generated by 
transportation systems that run on fossil fuels. 


NUMP established that Brazilian municipalities with 
more than 20,000 inhabitants are obliged to develop 


Figure 32. Electric mobility as a means to achieve the Sustainable Development Goals (SDGs) 
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9. Industry, innovation and infrastructure 

Opportunities of creating new e-mobility-related business and infrastructure. 
Electromobility promotes R&D in different areas of knowledge, which creates 
an environment for innovation to enhance industrial and technology capacity 
of developing countries like Brazil. 
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11. Sustainable cities and communities 

Brazilian cities are going through disorganized, unplanned urban growth as 
Ce ee ‘ well as urban exclusion. Prioritizing low-emission public transportation and 
active mobility is key to better urban mobility conditions that improve the 
quality of life of citizens and integrate them into the city. 
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12. Responsible consumption and production 

It is important that the disposal of lithium batteries is managed correctly 
and that strategies regarding a second life for other discarded applications 
are implemented. That can result in a boost in the adoption of e-mobility 
since it becomes a means to expand energy access. 
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13. Actions to combat climate change 

Transportation impacts GHG emissions and climate changes greatly. 
E-mobility can contribute to reduction of those impacts and promote better 
environments to citizens. 


Source: Personal collection. 


and approve an Urban Mobility Action Plan, which 
must be integrated with the city’s Strategic Master 
Plan. However, by June 2020, out of the 3,476 mu- 
nicipalities that were supposed to prepare the Urban 
Mobility Plan, only 324 municipalities affirmed they 
have one. (BRAZIL-MINISTRY OF REGIONAL DEVELOP- 
MENT, 2020). This shows that Brazilian municipalities 
must still work on defining specific actions and goals 
for the implementation of sustainable transporta- 
tion modes, which result in additional benefits if they 
adopt and promote e-mobility. 


Amongst large cities that have already designed their 
Mobility Action Plan, there is the city of Sdo Paulo 
Urban Mobility Action Plan (PlanMob-SP/2015), which 
defined specific objectives to comply with NUMP’s 
guidelines. Among the objectives, there is reduc- 
tion of road transportation emissions, contributions 
to the policy of reducing social inequalities, making 
the macroaccessibility of cities more homogeneous, 
prioritizing public transportation and active mobility, 
and others (SAO PAULO CITY HALL, 2016). 


According to PlanMob-SP, for urban mobility to be 
considered a transformative policy, it must promote 
public transportation availability and access, with 
low environmental impacts and high economic and 
social impacts, guaranteeing the access of all inhab- 
itants to opportunities offered by the city (SAO PAULO 
CITY HALL, 2015). And to commit to such objectives, 
the Urban Mobility ActionPlan includes measures 
aimed at reducing emissions of local pollutants and 
GHG emissions as well as the collaboration of the 
Municipal Policy on Climate Change of Sao Pau- 
lo (Law n. 14,933/2009). More specifically, Article 50 
provides that by 2018, the entire fleet of buses in 
the city shall use renewable non-fossil fuels. Howev- 
er, the incipient developments in low-emission bus 


4 Article 50: “Municipal public transportation programs, contracts and 
authorizations must produce progressive reduction of fossil fuel use, the 
progressive reduction target of at least 10% shall be achieved each year from 
2009 on and in 2018 the adoption of renewable non-fossil fuels by all buses 
operating in the public transportation system of the municipality”(Sdo Paulo 
City Hall, 2009). 


technologies, among other factors, have prevented 


the city from implementing said law. 


Thus, in 2018, Article 50 was modified by Law n. 
16,802, which determines that the operators of the 
Sao Paulo Urban Passenger Transportation System 
must promote the progressive reduction of Carbon 
Dioxide (CO,), Particulate Material (PM) and Nitro- 
gen Oxide (NO,), aiming at reaching 95% and 100% 
reduction rates in 20 years. These goals are ambi- 
tious for a Latin American city like Sdo Paulo and 
necessarily involve the adoption of e-buses by the 
city’s public transportation system if they aim to suc- 
cessfully fulfill such a commitment. 


Another worth mentioning case refers to the city of 
Campinas (SP), which recently developed its Urban 
Mobility Action Plan (UMAP), established by Decree 
n. 20,571 of November 13, 2019, which encourages 
the development of actions and incentives for the 
use of less polluting and sustainable transportation 
and assessment over the adoption of a motor-vehi- 
cles-sharing system (CAMPINAS CITY HALL, 2019). 


Among the strategies related to e-mobility, the UMAP 
aims to implement the use of e-vehicles in the pub- 
lic transportation system in a specific area of the city 
called the Area Branca (White Area), to reinforce the 
use of less polluting vehicles over traditional ones, to 
construct a network of charging stations together with 
partners and to regulate EVs, e-bikes and e-scooters 
sharing systems, (Campinas Municipal Secretary of Trans- 
portation; EMDEC, 2019). Shuc guidelines stress ongo- 
ing actions in Campinas, as for the implementation of 
battery powered e-buses in the public transportation 
system, there are 15 e-buses operating in 2020, one 
of the most representative fleets in Brazil. 


The cities of So Paulo and Campinas are examples of 
Brazilian cities in which e-mobility has been promoted 
as part of the city’s general plans to move towards sus- 
tainable mobility and becoming more convergent with 
the National Action Plan for Urban Mobility (NAPUM) 


principles. In both cases reported, efforts made by 


cities concern the public transportation sector, which 
is a first possibility for Brazilian cities to adopt e-mo- 
bility in order to, afterwards, adopt other e-modes. 


Through the electrification of public transportation 
systems, several Latin American cities became part 
of the electromobility cause. Santiago de Chile, for 
instance, is expected to end 2020 with approximately 
800 e-buses operating in the city. The Santiago de 
Chile experience illustrates the Latin American con- 
text. From the creation of an innovative business 
model, which involved the collaboration between 
e-bus companies, electric power companies, fleet op- 
erators, and the local and national government, San- 
tiago de Chile managed to evolve from a scenario of 
pilot projects and few e-buses to the deployment of 
one of the main fleets of e-buses in the world. 


The benefits of e-fleet adoption are already being 
fely=t by the Chilean population. A research con- 
ducted by the World Bank (2020) identified that 
public transportation users in Santiago de Chile rate 
e-buses very positively. The most common answers 
in the survey were that e-buses contribute to reduc- 
tions of environmental pollutants (83%), have a good 
air conditioning system (72%), offer a smooth ride 
(67%) and are less noisy than diesel buses (59%). In 
addition, public transportation users said they would 
be willing to wait an extra minute at the bus stop in 
order to be able to take an e-bus, rather than imme- 
diately boarding a diesel bus. 


Thus, these results show the benefits enjoyed by 
citizens when opting for the use of zero-emissions 
public transportation systems, which embrace not 
only environmental quality, but also directly impact 
quality of life when cities offer more comfortable 
transportation that serves routes to citizen’s work, 
study and leisure activities. 


Other Latin American cities such as Bogota and Me- 
dellin (Colombia), in addition to Guayaquil (Ecua- 


dor) and San José (Costa Rica), have already piloted 
e-buses projects aiming to carry out a large-scale im- 
plementation. 


These experiences must be analyzed closely by gov- 
ernments of Brazilian cities as an opportunity to im- 
prove the quality of public transportation and reflect 
on what would be the best business model to enable 
large-scale implementation of e-buses in cities. 


In Brazil, no research was carried out on assessing 
users’ perception of public electric transportation, 
given that the adoption of e-modes in the country 
is still at an incipient stage. However, a study com- 
missioned by the Institute for Climate and Society 
(iCS, 2020) on low-emission mobility and air quali- 
ty, showed that the Brazilian population negatively 
evaluates the impact caused by the use of petro- 
leum-based fuels on air quality and climate change’. 
Regarding the use of private transportation, 67% 
of the surveyees would be willing to give up the use 
of their own vehicle in favor of more eco-friendly 
modes of transportation. Such an answer is shared 
both by car owners and among those who do not 
own a car. In addition, the perception that an EV isa 
possible reality increased from 46% in 2017 to 71% 
in 2020. Regarding public transportation, 92% of 
surveyees would appreciate more e-buses operating 
in their city (Institute for Climate and Society, 2020). 


Specifically on the impact on health associated with 
the implementation of public transportation, the 
study “Evaluation and assessment of the impacts 
of air pollution on the health of the population re- 
sulting from the alternative energy matrix of public 
transportation in the city of SGo Paulo”, prepared 
by the Environmental Sustainability & Health Insti- 
tute and Greenpeace, built three scenarios of chang- 
es for the energy matrix of public transportation 


5 In 2020, the percentage of surveyees who considered the impact of fossil 
fuels on air quality to be slightly negative was 60%, and very negative, 25%; 
in relation to climate change, 57% evaluated the impact as not very negative 
and 25% as very negative (Institute for Climate and Society, iCS, 2020). 


between 2017-2050. The higher the percentage of 
clean modes of transportation in the fleet, the lower 


will be the emissions and the concentration of local 
pollutants, mainly PM,. produced by use of diesel. 
The level of concentration of pollutants will impact 
public health costs, calculated in terms of premature 
deaths (loss of productivity that could be avoided) 
and the increase in hospitalizations for respiratory, 
cardiovascular and cancer diseases. In an ideal sce- 
nario, which foresees the replacement of 100% of 
diesel buses by e-buses by the fleet of Sdo Paulo, 
12,796 premature deaths would be avoided, result- 
ing in the monetary benefit of RS 3.8 billion (due 
to productivity gain by the reduction in number of 
deaths). The savings in public health expenditures 
due to the reduction in hospitalizations between 
2017 and 2050 was estimated at RS 46.5 billion in 
this scenario (DE ANDRE; VORMITTAG; SALDIVA, 2017). 


Thus, the bill for the implementation of electrical 
transportation systems should not only result in 
monetary gains, but also gains in relation to envi- 
ronmental benefits, population health, productivity, 
comfort, and improving the quality of life in a posi- 
tive way, as well as access to opportunities. 


5. Conclusions 


This article aimed to lead readers to reflections upon 
e-mobility from a perspective that had not yet been 
enough explored: its contribution to the construc- 
tion of more human, just and inclusive cities. 


Cities are great spaces for socialization and circu- 
lation. In cities, people move in order to meet their 
most diverse needs (work, education, leisure, etc.). 
Irregular, inhospitable and unhealthy conditions of 
transit and commuting seriously compromise those 
purposes and undermine our right, as citizens, to 
enjoy urban spaces; in other words, they prevent 
people from accessing opportunities that cities can 
offer. Proposing solutions to such problems is what 


is projected when discussing the necessary transition 
to sustainable mobility. There is no single solution 
for promoting said transition; urban space manage- 
ment actions, in the most diverse dimensions, must 
be (re)thought and (re)directed. 


E-mobility is and should be treated as a strategic and 
necessary asset when considering the transition to 
sustainable mobility. The simple fact of eliminating 
or reducing emissions of pollutants would be more 
than enough reason for cities to get involved in proj- 
ects aimed at promoting the various e-modes in 
urban centers in an integrated and complementary 
way composed of bikes, automobiles, buses, urban 
delivery vehicles and garbage trucks. This is an un- 
questionable argument that strengthens the cause: 
by reducing emissions in urban centers, e-mobility 
contributes to better quality of life for its inhabi- 
tants. However, the benefits of e-mobility go beyond 
the issue of public health as they involve more com- 
fortable commuting (for users and drivers), noise 
reduction, and a less aggressive environment. Ap- 
proaching the benefits that e-Mobility can provide in 
a broad way is also a means of getting closer to the 
complex UN 2030 Agenda, promoted by the Sus- 
tainable Development Goals. 


There are many challenges for sustainable, inclusive 
and high-quality mobility to become a reality in ur- 
ban spaces and to assess the existing options that 
promote this goal is a necessary prerequisite. Hence, 
far beyond restricting e-modes to technology and in- 
novation, e-mobility must be seen as a means to ad- 
vancing access to citizenship and respect for human 
rights in general. 
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articles Trom PNME 
Webinar Series 


From a public health perspective: 
is this the best time to promote e-mobility in Brazil? 


In the midst of a pandemic, we have urgent con- 
cerns on contagion and keeping health systems 
working, so stimulating e-mobility in Brazil may 
seem secondary. The electrification process was al- 
ready taking shape - it was the subject of newspa- 
per headlines thanking scooters multiplying on the 
streets of the capitals - but it is now in the back- 
ground as we are facing daily struggles to save lives 
and tackle the social crisis caused by Covid-19. 
Hence, is this the right time to stimulate e-mobility 
in the country? For the participants of the webinar 
“How can e-mobility contribute to your health?” 
held on August 26th, 2020, it made perfect sense. 


If we consider our well-being and full functioning 
of the body, or our longevity, the evidence is indis- 
putable, as shown by a publication of The Lancet 
magazine of 2018, mentioned by Pedro de Paula, 
Country Director for Vital Strategies in Brazil. Air 
pollution is responsible for 40% of deaths caused 
by lung cancer, 25% by ischemic diseases and 
stroke, 22% by cardiovascular diseases, among 
others. In other words: we stopped talking about 
an invisible problem and started talking about a 
real life threat. 


This is about the invisible, the air, that Carmen 
Araujo, Managing Director of the International 
Council on Clean Transportation (ICCT) in Brazil, 
draws our attention to. "We experienced momen- 
tary driving declines in cities, unfortunately due 
to COVID-19 quarantine and isolation, and peo- 
ple started realizing the sky was more blue, they 
saw more stars, and those are elements that need 
to be rescued”. In addition, Evangelina Vormittag, 
director of the Health and Sustainability Institute, 
affirms that: "/f a person takes a glass and sees 
dirt in the water, they will not drink it. They can- 


not see if the air is contaminated and so people 
just live with it. Toxic air affects our lives much 
more , and we suffer from silent chronic effects.” 


Obesity 


Another villain in our current society, obesity, could 
not be left out of the equation. Along with some co- 
morbidities - a term that unfortunately became part of 
our vocabulary after Covid-19 - excess body fat could 
be simply combated by a strategy recommended by 
WHO: daily 60 minutes of physical activity. However, 
not a third of the world’s population does that. 


An alternative to circumvent the problem would be 
walking as you commute to work or any other activ- 
ity. Walking or cycling trips throughout the day that 
can be even combined with bus, train or car trips. 
Thath is active mobility, something that needs to be 
encouraged now, as pointed out by the participants 
of the webinar, as Brazilian people will start seeing 
e-bikes circulating on the streets, for example. 


Victor Andrade, director at the Laboratory of Sus- 
tainable Mobility (LABMOB) and professor at the 
Federal University of Rio de Janeiro (UFRJ), de- 
scribes an experiment that he has been developing 
for more than a decade in partnership with the Dan- 
ish Comprehensive Cancer Center. The objective of 
said experiment is to increase the number of e-bike 
users, including the elderly. "There has been a very 
positive impact on participant’s health, who ended 
up migrating from inactive modes to active electric 
pedal-assist bikes”. Professor Andrade poses the 
question: "When will we actually address our reali- 
ty with a systemic look that combines both mobility 
policy and health policy into account?” 


By adopting a systemic approach to transportation 


that includes more people traveling on foot or by 
e-buses, we will be fighting the evil of obesity and 
environmental diseases. In addition, thinking sys- 
tematically helps to make our cities more inclusive, 
the population healthier and, to reach an answer 
to the title of this article: making the investment in 
e-mobility is indeed worthwhile. 


COVID-19 


Covid-19 is no different. Preliminary studies at Har- 
vard University, brought up for discussion by Evan- 
gelina Vormittag, suggest that in American cities 
where there is a high concentration of air pollutants 
the incidence of COVID-19 is higher. There will be 
many studies addressing and linking environmental 
issues to Covid and, meanwhile, there is an urgent 
need for society and the electromobility sector to 
join efforts and solidify public policies in this regard. 


The pandemic was also the incentive that many 
people needed to start using bikes instead of public 
transportation, avoiding agglomeration and crowd- 
ed buses. In Brazil, however, this is the reality of 
only a portion of the population that lives close to 
work. Apart from those differences, active mobility 
is a trend complementary to electromobility and, if 
we can get anything good out of the crisis we are 
now experiencing, health is finally at the center of 
our debate. 


We have always known that polluted air is a prob- 
lem, but we have never taken command of it. We 
understand the benefit of clean energy, but we end 
up delegating all decisions to the public sphere. We 
have laws in this regard and goals for the electrifica- 
tion of municipal bus fleets, but those are running 
late. Air quality is currently monitored in only ten 
Brazilian states, and we do not ask for more accu- 
rate actions. Hence, placing responsibility only in the 
public sphere has not worked so far. Therefore, it 


is necessary to recognize that we must broaden the 
debate, dialogue with all the actors in this scenario, 
so that together we can build an institutional agenda 
in favor of mobility and health of the population. 


Pedro de Paula reinforces that part of the solution 
also involves communication. "We need to under- 
stand how to better communicate the impacts of 
air pollution on our health, to have that adequate 
incentive in shaping an agenda, in order to have 
the institutional changes that we need. We have to 
understand that we are losing between 50 and 70 
thousand lives due to bad air quality in Brazil an- 
nually. That is, until now, equivalent to half a pan- 
demic per year.” 


This article was inspired by the webinar “How can 
e-mobility contribute to your health?”, held in August 
2020 and promoted by the National Platform for 
Electric Mobility (PNME) and the Research Development 
Foundation (Fundep). 


From an environmental perspective: 
how will the environment benefit from 
e-mobility in Brazil? 


Combustion engines have played a key role in the 
development of society in the last century, mainly in 
regards to infrastructure and transportation. Now, 
two decades into the new millennium, the adoption 
of e-mobility by the energy matrix seems urgent if 
we want to reduce particulates and gas emissions. 
In Brazil, the transportation sector is responsible for 
more than half of fossil fuel consumption for almost 
half of the energy sector greenhouse gas emissions. 
We are talking about trucks on the roads transport- 
ing goods and wealth, buses and automobiles on the 
streets of large cities, guaranteeing the transit and 
commute of people. 


In this scenario, investing in cleaner technologies 
is necessary from several points of view, since air 
quality is also a public health issue directly linked 
to a country’s economic performance and techno- 
logical development. Held by the National Platform 
for Electric Mobility (PNME) on September 28th, 
the webinar addressed the topic “How will the en- 
vironment benefit from e-mobility in Brazil?”. For 
all participants in the webinar it is unanimous that 
we approach the environment, transportation, and 
health in a systemic way. 


They are interdependent elements and one affects 
the other in the current pollution scenario that Bra- 
zil is now facing. Davi Martins, project leader at 
Greenpeace, presented data from a research car- 
ried out jointly with the Health and Sustainability In- 
stitute which illustrates that reality. Annually, in the 
city of Sdo Paulo alone, between 4,000 and 5,000 
deaths are attributed exclusively to diseases caused 
by urban pollution - read gases emitted by buses. 
So in addition to the many lives lost, there is also an 


economic waste (i.e. hospital expenses) and losses 
in productivity. 


"When we combine the issue of public health with 
the economy it results in productivity gains. Be- 
cause people who get sick because of the ills of 
emissions from transportation are people who stop 
producing” says Mr. Martins. If today there are 
about 14,000 buses running in the city, the projec- 
tion is that in 30 years the productivity loss will ac- 
count for RS 50 billion. 


Buses were unanimously found to be the cause of 
diesel pollution according to the webinar’s partici- 
pants. And it is precisely public transportation that 
is considered the one element to leverage changes 
in the energy matrix in the sector. But for this, more 
sustainable financing models are needed, with em- 
phasis on the role of recruitment and selection pro- 
cesses into public sector organisations for the pur- 
chase of buses by city halls. 


For Kelly Fernandes, from the urban mobility pro- 
gram of the Brazilian Institute for Consumer Pro- 
tection (Idec), “those recruitment and selection 
processes can foster changes, especially when 
addressed beyond mere bureaucratic procedures, 
highlighting their socio-environmental function and 
guiding financing policies”. She also stresses that we 
need to be aware of this technological change, so 
that its implementation costs are not passed on to 
the consumer, and do not affect bus fares. 


The EV, despite being more expensive when com- 
pared to diesel, ends up being cheaper in the long 
run. This is because the useful life of an urban bus is 


ten years - and e-buses can run for 15 - which would 


be equivalent to acquisition prices 6% lower at the 
end ofa 15 year period. Not to mention the annual 
increase of oil prices. 


Ms. Fernandes is blunt when she talks about e-mo- 
bility as a possibility to face the climate crisis. She 
points out that "the negative impacts of using fos- 
sil fuels as an energy source for the transportation 
sector have intensified climate events that caused 
droughts, floods, fires, heat waves and other im- 
pacts that endanger human life and nature”. 


In contrast with fossil fuels, one cannot fail to men- 
tion biodiesel, which has been used in Brazil for 
years and presented important results.In the ener- 
gy matrix of transportation fuels, 25% is renewable, 
20% ethanol and 5% biodiesel. However, its use in 
combustion engines still contributes to air pollution, 
as Amanda Ohara, technical coordinator of the E+ 
Energy Transition Institute, affirms: “/t would be 
ideal to eliminate combustion engine vehicles from 
Brazilian urban transportation”. 


And there would be no shortage of clean resources to 
do so. Currently, 83% of the Brazilian electrical matrix 
comes from renewable sources. A large part (65%) of 
this energy is generated by hydroelectric plants; the 
rest by wind, solar and biomass sources. That shows 
that in our country the electric power produced does 
not pollute its source. In this respect, we are at an 
advantage over other nations whose energy power is 
generated by thermoelectric plants, for example. 


Opportunities 


In the coming months, a change in behavior that has 
been happening since the beginning of the Covid-19 
pandemic may intensify. In order to avoid agglom- 
erations, some people will choose to give up public 
transportation and go back to using - or even pur- 
chasing - cars or motorcycles to get around cities. 


If nothing is done, the number of single-occupant 
vehicles in Brazil may increase. 


In such a scenario, as Ilan Cuperstein, from the C40 
Cities Climate Leadership Group, affirms that pub- 
lic transportation will need to undergo a reset due 
to the Covid-19 crisis, in which various aspects of 
its operation will be rethought. Because of isolation 
we were able to see the reality when vehicle traffic 
decreased by 70%, which accounted for a 40% de- 
crease of three polluting gases in diesel exhaust. So, 
our suggestion is that we start the change from what 
is most harmful: reduce the burning of diesel in the 
urban environment by increasing electrification. 


It is necessary to take advantage of this window for 
change and to make transportation more attractive 
by offering users comfort and safety. This techno- 
logical conversion is part of a transformation aimed 
at the public good, and therefore it shall be support- 
ed by society, academia, and governments. "Electri- 
fication is part of something much more structural. 
And if we are going to take science seriously, the 
more support from society, the faster this change 
will take place” says Mr. Cuperstein. 


This article was inspired by the Webinar “From an 
environmental perspective: how will the environment 
benefit from e-mobility in Brazil?” promoted by the 
National Platform for Electric Mobility (PNME), in 
partnership with the Research Development Foundation 
(Fundep), in September 2020. 


From an innovation perspective: 
what challenges and opportunities can e-mobility 
bring to the innovation environment in Brazil? 


What comes to mind when you think of e-mobility 
innovations? Silent motorcycles? Flying cars? Yes, 
although it seems a distant reality, these are some 
examples that can become real in a short period of 
time. In addition to leveraging the area of innova- 
tion, EVs have been placed as a very consistent and 
irreversible solution to a variety of agendas, espe- 
cially for the environmental and public health ones. 


According to an estimate by Deloitte, in ten years 
32% of the cars sold in the world will be electric or 
plug-in hybrids. This study also shows that by 2030, 
among the electrified vehicles sold, 82% will be ful- 
ly electric and 18% hybrid. In absolute terms, we 
are talking about somewhere around 25 million EVs 
while hybrids will account for 8 million units around 
the globe. It is, therefore, a change that, although 
not abrupt, is irreversible. 


In Brazil, despite being a new technology, e-mobili- 
ty is being quickly inserted in the market. However, 
this does not mean that it is a fully developed tech- 
nology. | This is an evolutionary process, with some 
weaknesses to be overcome. 


During a meeting promoted by PNME on October 
27", Professor Wanderlei Marinho,PhD Electrical 
Engineering , stated that Brazil has an abundant 
energy matrix - mainly generated by hydroelec- 
tric power. Which gives us confidence in taking 
the path of electrification in a solid manner. "We 
are facing a situation in which electrified cars are 
more electronic than mechanical, we are going 
through a transition. The answer, therefore, is to 
think about the ecosystem as a whole and our ca- 
pacity to innovate.” 


In other words, to stop using combustion engines 
and migrate to electrified engines is a disruption. 
If we picture a car and divide it into two parts, we 
will think of charging stations, energy, autonomy 
and costs regarding the chassis downwards. In oth- 
er words, the solutions currently being discussed for 
the sector result from innovation. 


Made in Brazil 


To address the issue of mobility, Brazil must consid- 
er its mineral resources and thatis not about selling 
commodities, but adding value. The country can be- 
come a major supplier not only of lightweight mate- 
rials, such as aluminum for vehicle structures, but, 
for example, also of batteries composed of various 
materials, such as lithium, manganese, phosphorus 
and nickel. 


In addition, we must not disregard our trajectory re- 
garding biofuels - which is already 50 years old. If 
we analyze the market, our annual vehicle sales are 
around 3 million, while global sales account for 100 
million. Within this participation, about ten thousand 
vehicles are electric. However, hybrid cars do not 
make up that amount. These are not plug-in vehi- 
cles and they do not connect into the socket. In other 
words: we are combining electrification with ethanol, 
and these cars are increasingly taking the market. 


Fernando Campagnoli, a UFRJ researcher in innova- 
tion economics, believes that it is possible to use this 
“Brazilian jabuticaba” (the Brazilian grapetree) solution 
of the combination of ethanol and electrification to as- 
semble an electromobility matrix that is both hybrid 


and hass elements of combustion. But as for innova- 


tion, from strategic minerals to the consumers there 
are other service packages and production chains to be 
considered, such as the mechanics and maintenance 
services of the vehicle. "/t is an interesting chain, as 
there are new businesses related to the charging in- 
frastructure, for example, which may be public or pri- 
vate; or under concession contracts. Those are very 
Brazilian characteristics and should be part of our 
mosaic of opportunities”, Mr. Campagnoli says. 


Changes for the consumer 


In fact, Brazil offers service packages and has supply 
chains that embrace strategic minerals and the con- 
sumer, who is at the end of the chain “paying this 
entire bill”. But who is this consumer? They are a per- 
son who is changing. In the past, they were passive in 
terms of electricity and fuel consumption by combus- 
tion engines. Today, we have an active consumer in 
the process, which starts to consider distributed and 
renewable generation as a possibility that can be even 
done from their own homes. When EVs come into 
the scene, consumers become - in addition to being 
active subjects in this scenario - energy managers that 
consume, insofar as other storage technologies can 
be used, from the car itself and from their homes. 


Therefore, at the same time that technologies 
change and new production chains appear, the con- 
sumer also changes. They start implementing tech- 
nology within their new universe, as in the case of 
cell phones. Changes in habits make consumers 
empowered by technologies to take an active role in 
the market. As for strategic minerals, which are ex- 
tracted and enriched, from the formation of beams 
and the use of niobium (which can be used in batter- 
ies and steel plates), there is a combination of origin 
and services, where the consumer is. 


For the subject to cause such change of habit, a quali- 
fied workforce with professional and strategic resourc- 


es is necessary. For this, we must offer technology 
training courses - either for professionals who deal 
operationally with the technologies or to create enter- 
prise models. According to Flavia Consoni, professor 
at Unicamp, Brazil also has its own experiences. "You 
can’t replicate models made by other countries, we 
have to study our consumers’ behavior. It is import- 
ant to draw on “pilots and experiences to get to 
know our market.” 


That said, e-mobility is a trial balloon for innovation in 
Brazil. It is possible to operate it in a network, without 
forgetting the intersectoral relations, and still reflect 
on how each sector can contribute to having not only 
a national action plan for e-mobility but also a nation- 
al policy. 


This article was inspired by the Webinar “What challenges 
and opportunities can e-mobility bring to the innovation 
environment in Brazil?” National Platform for Electric 
Mobility (PNME), in partnership with the Research 
Development Foundation (Fundep), in October 2020. 


From the economics perspective: why is 
e-mobility profitable for our economy? 


In 1969, the American meteorologist and mathema- 
tician Edward Lorenz coined the butterfly effect. A 
butterfly flapping its wings at the poles can trigger 
air pressures capable of producing hurricanes on 
the other side of the world. In other words: small 
changes in the initial conditions of large systems can 
generate drastic and significant changes in them. 


When we question the importance of e-mobility for 
the Brazilian economy, we are questioning wheth- 
er small changes in habits and the development 
of technologies can produce significant impacts in 
the long term. The answer is yes. Results analyzed 
during the pandemic in Brazil prove how the simple 
decrease in circulation, and consequently in trans- 
portation, generated a significant gain for air quality 
in the country’s major cities. 


Data from a recent study by the WRI (World Re- 
sources Institute) Brazil - carried out during the 
pandemic - indicates that sustainable and low-car- 
bon practices can generate significant growth in 
GDP (Gross Domestic Product), with cumulative 
gains of RS 2.8 trillion by 2030 according to current 
patterns. Choosing e-mobility, according to the re- 
search, would lead to a net increase of more than 2 
million jobs in the economy by 2030 with benefits 
from the first year. 


During a meeting promoted by PNME on October 
29, the engineer and urban mobility manager at 
WRI Brazil, Cristina Albuquerque, explained that a 
tool developed by the institution monetizes the en- 
vironmental benefits in some cities. “This tool cal- 
culates costs when people are absent from work 
due to cardiovascular diseases caused by pollution 
and have to stop working. The estimate is RS 30 
million per year in costs for Brazil”, she explained. 


Another fact that demonstrates how environmental 
issues generate major economic impacts would be 
the exchange of bus fleets and how the reduction of 
emissions modifies health data, reducing, for exam- 
ple, the number of hospitalizations. 


The neighbor’s yard 


Another aspect to be considered in terms of e-mo- 
bility and economy is in our neighboring countries. 
80% of Latin American population live in urban ar- 
eas. It is the most urbanized continent in the world. 
This has a number of implications in terms of pro- 
duction, economy and efficiency, since our GDP is 
associated with urban spaces. 


Cities have to be increasingly efficient and, at that 
point, to move towards more sustainable mobility 
can become a great source of opportunities, tech- 
nological innovation, urban redesign, productive ef- 
ficiency and creation of jobs. For Luiz Krieger, Eco- 
nomic Affairs officer at the United Nations Economic 
Commission for Latin America and the Caribbean 
(ECLAC), it is possible to make e-mobility a reality 
in our continent. "/n Santiago, leasing conventional 
buses has an operating cost that is 70% lower in 
the country’s economy, a total savings difference of 
20%. It is necessary to think not only about how to 
produce, but also about the business model that al- 
lows e-mobility to be operating on streets,” he said. 


That our neighbors have a huge market, we know. 
We also know that Brazil has the industrial capacity to 
efficiently manage its production activities and meet 
the demand. However, it is necessary that we do not 
take e-mobility as a trend, but as a reality. Ricardo 
Zomer, coordinator at the Ministry of Economy, sug- 


gests that if Brazil does not open the market in an ini- 


tial moment, there will be no incentive for companies 
to invest in the country. "For the production of light 
vehicles, we only have one company. The investment 
decision-making discussion takes place outside. If 
we do not have the market, it is difficult for those 
outside to decide if they will invest here”, he said. 


In fact, there are paths that must be explored so 
we can come up with a more sustainable solution 
for the city that we want to live and work in. And 
again: sometimes it is a butterfly flapping its wings 
that cause unpredictable economic realities. Ger- 
many, for example, uses solid-state batteries, which 
accumulate more energy. They are light and more 
durable. It is a generation that will replace lithium, 
which is often limiting. 


The next in line 


One of the examples of small changes that is pop- 
ular nowadays is the creation of traffic zones in the 
center of large cities. For Wagner Setti, special- 
ist in Government and Institutional Affairs at the 
WEG Group, the issue of public transportation is 
an important starting point. In addition, it is neces- 
sary to think about different business models, not 
only about tariffs and subsidies. "7he area of pub- 
lic transportation is the door to a growing market 
based on public policies that bring increased oppor- 
tunities for the entire chain,” he said. 


Because it is a well-regulated topic, with munici- 
palities that have arbitrary power in the system, in 
fact, public transportation is the first axis to lever- 
age e-mobility in Brazil. In the city of Sao Paulo, for 
example, the municipal policy has reversed this into 
environmental goals within the contracts, so con- 
cessionaires are committed to employ a low-emis- 
sion fleet. Not electric, but annual emission re- 
duction targets. This becomes a gateway to start 
changes in the country. 


In addition, as demonstrated earlier, the pandem- 
ic worsened the public transportation crisis, which 
reached its peak and so the topic has been dis- 
cussed in all three spheres: municipal, state and 
federal. Therefore, it is necessary to discuss public 
transportation business models. It is necessary to 
start from a macro analysis and redefine the means 
of public transportation that were already crashing. 
E-mobility is a factor that can contribute positive- 
ly to such a business model. But for that, we must 
study concession formats in cities and encourage 
these systems to be sustainable, clean and efficient. 
In summary: it is necessary to clean our fleets, but, 
above all, to improve the system as a whole. 


On the butterfly effect, it is clear that when we 
question whether e-mobility is worthy for our econ- 
omy, the answer is yes. However, it is necessary to 
remember that isolated policies have less chance of 
success, and it is necessary to articulate several pol- 
icies at the same time so that the sector can take an 
important step and guarantee a great impulse for 
the country. 


This article was inspired by the Webinar “Why is electric 
mobility profitable for our economy?” promoted by 

the National Platform for Electric Mobility (PNME), in 
partnership with the Research Development Foundation 
(Fundep), in October 2020. 
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VEHICLE ARCHITECTURES 


Term Definition 
Vehicles that use regenerative braking and automatic start-stop function 
Micro hybrid aiming at energy efficiency and fuel economy.They are not strictly hybrid 
electric vehicles, as they do not have electric traction. 
In addition to an internal combustion engine, mild hybrids have an electric 
: : motor and a traction battery that allows the engine’s regenerative braking, 
Mild hybrid : he 


automatic start-stop function, assisted starting and electrically assisted 
internal combustion engine is obtained. 


Electric Vehicles 
(EVs) 


Generic term for BEVs, PHEVs and REX, 
but often used to refer to pure electric vehicles, i.e. BEVs. 


Battery Electric 
Vehicles (BEVs) 
or pure electric 
vehicles 


Vehicles with purely electric propulsion systems, 
which are powered by electricity stored in an internal battery. 


Extended-Range 
Electric Vehicles 
(EREV or REx) 


Fuel Cell Electric 
Vehicles (FCEVs) 


A Hybrid Electric Vehicle (HEV) whose power is provided by an electric motor, 
but with a small ICE present that acts as a generator operating the motors 
once the battery has reached its minimum state of charge. In practice, 

REx are hybrids with an automotive serial system. 


An EV that uses hydrogen fuel cells to charge its traction battery and thus 
power its electric motor. A fuel cell uses the chemical energy of hydrogen 
or another fuel to cleanly and efficiently produce electricity through 
electrochemical reactions. 


Hybrid Electric 
Vehicles (HEVs) 


Vehicles that have an electric motor in parallel, whose energy is supplied 

by a battery and a conventional combustion engine, supplied by liquid 

or gas fuels (fossil or renewable). They have a small traction battery, charged 
through regenerative braking and by the internal combustion engine. 


Plug-In Hybrid 
Electric Vehicles 
(PHEVs) 


PHEVs use batteries to power an electric motor for traction and another 

fuel, such as gasoline, to power an internal combustion engine, allowing 

pure electric driving or the extended range combination of the gasoline engine 
and the electric motor. Its battery can either be charged using a wall outlet 

or charging equipment, by the ICE, or through regenerative braking. 


Plug-In Vehicles 


Vehicles that can be recharged from an external source of electricity, 
such as wall sockets, include BEVs and PHEVs. 


EV CHARGING CONNECTOR TYPES 


Term 


CHAdeMO 
plug 


Definition 


One of the many charging connectors available in the market today, CHAdeMO 
is an abbreviation of “CHArge de MOve", equivalent to “move using charge”. 

It is a connector with four normal power supply pins which predominantly 
applies to rapid charging and is compatible with EVs manufactured by 
Japanese automakers, such as Mitsubishi and Nissan. It can operate on 
systems with Vehicle-to-Grid (V2G) technology, but it has less electric power 
transfer capability if compared to CCS, provides power at 50 kW DC and 
requires two separate sockets and is commonly known as DC fast charging. 


GB/T (AC) plug 


Chinese-manufactured connector similar to Type 2 (European), 
applied in AC Level 1 (provides charging through a 120V AC socket) 
and AC Level 2 charging (offers charging through a 240V AC outlet). 


GB/T (DC) plug 


Chinese-manufactured connector, which composes the GB/T DC fast charging, 
is applied in DC mode of charging, offering 237.5kW at 950V and 250A. 


Type 1 
Combined 
Charging 
System (CCS) 


Type 2 
Combined 
Charging 
System (CCS2) 


Standardized by SAE, this connector combines two DC pins arranged 
below the Type 1 AC connector, which has 3 power supply pins. 


Standardized by the EU, this connector combines two DC pins arranged 
below the Type 2 AC connector, which has 3 power supply pins. 


A Tesla Supercharger is a 480-volt DC fast-charging technology. 
Tesla Plug is a proprietary connector, homonymous to its manufacturer, 


Tesla plug with 5 power supply pins, exclusive to Tesla vehicles, with the exception of the 
European market, and which allows all modes of charging (DC level 1 and 2). 
A five-pin connector that also has a clip, this connector is commonly 
Type 1 plug found in the USA and notin) in ate monuiae tice by Asian and American 
automakers (for example, Nissan, Mitsubishi and GM/Vauxhall/Opeb. 
(SAE ou J1772) However, its prominence is fading due to Nissan switching to Type 2. 
It covers the general physical, electrical and communication protocol. 
A seven-pin connector with a flat edge. Originally preferred by European 
Type 9 plug automakers, such as BMW and the caus group; it has become the most popular 
type of EV connectors. MENNEKES'’ type 2 plugs can carry a 3-phase power 
(Mennekes) 


voltage and have an interlocking actuator that locks the plug in place during 
the charging process. 


167 


168 


KEY CONCEPTS 
Term 


AC (alternated current) 


Definition 


An electric current which periodically reverses direction with time. 


EV on-route charging 


Normally, on-route charging involves rapid, high-powered chargers, 
which charge more than 100 kilometers of EV autonomy done while drivers 
stop for coffee or snack breaks, for example. 


EV charging away 
from home 


Charging the EV while it is parked away from home, as many drivers will 
charge their cars while they are parked. This helps to avoid range anxiety. 


DC (direct current) 


A one directional flow of electric charge. 


Charging point 


A machine that connects EVs to the grid and supplies electric energy 
to charge vehicles. 


Charging station 


Infrastructure composed of charging points that supply electric energy 
to charge vehicles (BEVs and PHEVs). A.k.a Electric Vehicle Supply 
Equipment (EVSE). 


Home charging 


Charging the EV while it is parked at home, usually overnight. 

It can be done with the charger that comes with the vehicle in a conventional 
residential outlet (approx. 2.2 kW) or through a domestic charging point 
installed at home (up to 22 kW). 


EV charging app 


Recharging the EV without using RFID cards, via a mobile app 
instead to find a charging station and start the charging session. 


RFID charging 


A RFID charging station is a station with protected access. 
By the same technology used in public transportation smart cards, 
one shall pass a RFID card in front of the station to start the session. 


Contactless payment 


Kilowatt-hour (kWh) 


Available in some fast chargers, the consumer can start and pay for 
the charging session by tapping the payment card near a terminal equipped 
with the technology. 


The kilowatt-hour is a unit of energy equal to 1,000 watts. The kilowatt-hour 
is commonly used to measure the energy stored in batteries. 


Range anxiety 


The feeling of fear by the user when driving an EV and running out 

of battery during its trip. This fear can be mitigated with the construction 
of charging stations in parking lots, residential areas, companies, 
supermarkets, shopping malls, gas stations, etc. 


Slow charging or level 1 
charging (residential) 


Its charging rates range between 2.3 kW and 3 kW, 120V AC, with no 
communication between the EV system and the charging station network. 


Fast charging 


It rates between 7kW and 22kW, and draws AC current from the grid and 
relies on the car's converter to turn it into DC, it connects the charging 
station network and the EV through CAN or PLC communication protocol. 


Rapid charging 


Rapid AC charging uses more power, at 43kW, than conventional fast 
AC charging. Rapid DC chargers work at 50kW or more and connect 
the charging station network to the EV through the CAN or PLC 
communication protocol. 


Semi-fast charging 
or Level 2 charging 


It operates at 208-240 V and outputs from 3 kW to 19 kW of AC power, 
it connects the charging station network and the EV through CAN or 
PLC communication protocol. 


Smart charging 


Generic term for a series of functions that a charging station connected 

to the Wi-Fi network can perform. This usually refers to the performance 
of functions related to load balancing and energy monitoring/management, 
optimizing the EV recharge during periods of lower prices and energy 
demand of the grid. 


Vehicle to grid (V2G) 


Technology in which BEVs or PHEVs are connected to the electrical grid 
to supply or obtain electricity, taking into account local demands for power 
and peak hours. 


Vehicle to home (V2H) 


System in which the EV is being used to meet the electricity demand 
of a home, which can use power from the EV battery. 


Vehicle to vehicle (V2V) 


Technology in which an EV is connected to another EV in order to transfer 
power or to provide information related to traffic conditions and updates. 
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EV SPECIFIC TECHNOLOGIES 


Term 


Battery 


Definition 


A device that accumulates energy and through electrochemical reactions 
between its elements (oxidoreduction) produces electric current. 


Regenerative 
braking 


A process in which the kinetic energy of the vehicle, which would be dissipated 

in the form of heat through the mechanical brake system, is captured and converted 
into electrical energy through the traction motor, acting as a generator, ultimately 
being stored in the battery. 


Energy inverters 


A power electronic device that changes direct current (DC) to alternating current (AC). 


Electric motor 


An electrical machine that converts electrical energy into mechanical energy. 


BMS is an electronic system (hardware + software) that manages a rechargeable 


B r 
ately t battery (cell or battery pack), such as by monitoring its state, battery “health”, 
Managemen maximum and minimum limits of energy, and temperature, controlling the flow of 
system (BMS) electric current in the batteries. 
Technology in which the ICE is switched off whenever the vehicle is stopped 
Start/stop (a few seconds after total braking) and activated immediately after detecting 


the need for traction (when the accelerator or clutch pedal is pressed). 


Supercapacitor 


A capacitor with a capacitance value much higher than other capacitors, 
but with lower voltage limits 


Source: Personal collection amended from Barassa,2019; Denton, 2017; Electronics Believer, 2019; 
Emotorwerks, 2019; Ev Safe Charge, 2019; Myev, 2019 and Pod Point, 2019. 
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